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PREFACE 


b spite of its fundamental importance in the history of mineral- 
ogy and chemical technology, no modern annotated transla- 
tion of the treatise On Stones by Theophrastus has been available 
to students of the history of science. Over two hundred years 
have elapsed since the appearance of the first English translation 
by John Hill in 1746, and over one hundred and fifty years since 
the publication of Hill's second edition in 1774. The first French 
and German versions, which are largely based on Hill's transla- 
tion, are not only difficult to obtain now but are also obsolete in 
many ways, especially in their scientific notes. Within the last 
fifty years a French translation by F. de Mély and a German trans- 
lation by K. Mieleitner have been published as parts of other 
works, but they are not accompanied by either text or commentary. 
We believe that the growing interest in the history of pure and 
applied science warrants the publication of a new and annotated 
English translation of this important Greek work. Such a trans- 
lation is especially desirable at the present time, since few students 
of science are now able to acquire a reading knowledge of Greek. 
Even students of Greek who are unfamiliar with the peculiar style 
and terminology of Theophrastus may find this translation useful. 
The text and critical notes should also be of interest to them, and 
the commentary may be of value, for without some interpretation 
the numerous technical terms used in the treatise and the ra- 
tionale of the processes described in it are not easily understood. 
We hope that the occasional items of miscellaneous information 
scattered through the work may be of some interest to students 
in other fields. There is ample evidence that this particular treatise 
has been neglected by scholars generally, and Hill’s quaint prefa- 
tory remarks are nearly as applicable today as they were over two 
centuries ago: 

The many References to Theophrastus, and the Quotations from 
him, so frequent in the Works of all the later Writers of Fossils, 
would make one believe, at first sight, that nothing was more uni- 
versally known, or perfectly understood, than the Treatise before us: 
But when we come to enquire more strictly into the Truth, and ex- 
amine with our own Eyes what it really is that he has left us, we shall 
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find that though no Author is so often quoted, no Author is so little 
understood, or, indeed, has been so little read; those who are so free 
with his Name, having given themselves, generally, very little Trouble 
about his Works, and only taken upon Trust from one another, what 
we shall in most Cases find, on strict Enquiry, to have been originally 
quoted from him by Pliny .... 


Many long delays and interruptions have occurred during the 
preparation of this book, and four authors have been engaged in 
its composition. In 1934, Earle R. Caley of the Department of 
Chemistry at Princeton University and Shirley H. Weber of the 
Department of Classics began work on an annotated translation 
of the treatise. But for a long time circumstances prevented them 
from collaborating effectively. In the period between 1936 and the 
beginning of World War II they lived both in Greece and in the 
United States and could seldom meet to discuss the work; and 
though both were in the United States during most of the war, 
not much attention could be paid to the preparation of the book 
because of more pressing interests. As a consequence the manu- 
script was never brought to a satisfactory state, and when Pro- 
fessor Weber returned to Athens at the close of the war to resume 
his position as Librarian of the Gennadion, he decided that it 
would be impossible to continue as a collaborator. In the mean- 
time, Thomas T. Read of the School of Mines at Columbia Uni- 
versity and John F. C. Richards of the Department of Greek and 
Latin began, quite independently, to prepare an annotated trans- 
lation of the same treatise. Early in 1946 they heard that a similar 
enterprise had long been in progress at Princeton and arranged to 
collaborate with Earle R. Caley of the Department of Chemistry. 
After Professor Read died in 1947, the present authors decided to 
complete the book. We hereby acknowledge our indebtedness to 
Professor Weber and to Professor Read. Professor Weber gave 
much time and thought to problems of translation and interpreta- 
tion; some of his suggestions are incorporated in the present 
translation and in certain notes in the Commentary. Professor 
Read was planning to make his own contribution. It is greatly to 
be regretted that, owing to his illness, he could not use his ex- 
tensive knowledge of geology and mineralogy for this purpose. 

Since both linguistic and scientific knowledge is required, it 
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seems unlikely that a book of this kind could properly be pro- 
duced in this age of specialized scholarship without collaboration. 
In such a book it is not easy to show the exact contribution of 
each collaborator, but the division of labor and responsibility was 
approximately as follows. John F. C. Richards collated the manu- 
scripts and editions and prepared the critical notes to the Greek 
text. He is also responsible for the translation, though Earle R. 
Caley made many suggestions, so that to some degree this trans- 
lation may be considered a joint production. The Introduction 
and the Commentary were written jointly; John F. C. Richards 
supplied the notes of linguistic interest, but most of the material 
in the Commentary was contributed by Earle R. Caley. This in- 
cludes the identification of precious stones and other mineral sub- 
stances, the discussion of problems in the field of archaeology, 
chemistry, or mineralogy, and other matters of scientific or tech- 
nological interest. 

We hereby express our sincere thanks to all those who have 
helped us in our task. Among those who have been especially help- 
ful with criticisms and suggestions are Professor Gilbert Highet 
of Columbia University and Professors Kenneth M. Abbott, Wil- 
liam R. Jones, Lowell Ragatz, and Everett Walters of the Ohio 
State University. Finally we express our gratitude to the authorities 
of the Graduate School of the Ohio State University for their 
generosity in sponsoring the publication of this book. 


E. R. C. 
J. F.C. R. 
COLUMBUS, OHTO 


September, 1956 
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INTRODUCTION 


LINY, in his Natural History, mentions about twenty Greek 

writers as authorities for his chapters on precious stones and 
other mineral substances, but, of the works of these authors, only 
the brief, or fragmentary, treatise On Stones by Theophrastus has 
survived to inform us in a direct way of the extent of Greek learn- 
ing in this field. As the earliest known scientific work dealing 
expressly with minerals and artificial products derived from them, 
it is of unique importance in the history of mineralogy and of 
chemical technology. 

Theophrastus, the famous pupil of Aristotle, was born about 
372 B.c. at Eresos on the island of Lesbos. He studied at Athens 
and became an adherent of the school of Plato, and later a friend 
and pupil of his master Aristotle; when Aristotle withdrew from 
Athens (before his death in 322), he succeeded him as leader of 
the Peripatetic school of philosophy. He remained its spokesman 
and outstanding figure until his death, about 287; for according to 
Diogenes Laertius,’ he died at the age of eighty-five.” 

Though Theophrastus is best known in literature for his Char- 
acters, a work which has had considerable influence on the drama 
and on other branches of literature, his writings on natural sci- 
ence are at least of equal importance. His two great works on 
plants, for example, have led posterity to consider him one of 
the greatest botanists of all time, the founder of botanical science. 
Following the practice of the philosophers of his day, he was, 
however, a voluminous writer on a great variety of subjects. Pri- 
mary Propositions, Problems in Natural Philosophy, History of 
Astronomy, Love, Meteorology, Epilepsy, Animals, Motion, Laws, 
Odors, Wine and Oil, Proverbs, Water, Fire, History of Geometry, 
Sleep and Dreams, Virtue, Inventions, Music, Poetry, History of 

1 Lives of Eminent Philosophers, Book V, chap. ii, sec. 40. At the beginning of 
chap. ii Diogenes Laertius says that he obtained information about Theophrastus from 
Apollodorus. 

? The dates 372-287 are accepted by W. von Christ-W. Schmid-O. Stahlin, Geschichte 
der griechischen Litteratur in Handbuch der klassischen. Altertumswissenschaft, 6th ed., 
Vol. VII, 2, 1 (1920), p. 6o. However, the exact dates are not certain. K.O. Brink, 
Oxford Classical Dictionary (1949), p. 896, suggests 372/369-288/285; and O. Regen- 


bogen in Pauly-Wissowa, Real-Encyclopádie, Supplemental Vol. VII (1940), p.1357, 
puts his birth in 372/371 or 371/370 and his death in 288/287 or 287/286. 
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Divine Things, Politics, and Heaven are only a few of the titles of 
the 220 works ascribed to him by Diogenes Laertius. 

In fact, so varied and enormous was the output of both Theo- 
phrastus and Aristotle that many treatises written by their pupils 
have no doubt been included under their names; but, because of 
similarities in style and thought, such works can rightly be con- 
sidered productions of the Peripatetic school and for convenience 
be ascribed to the masters. The treatise On Stones has sometimes 
been placed in this category, for in style it is more like a set of 
student's notes than a finished scientific work. Certain of its pas- 
sages, such as the one in section 68 containing an illustrative story, 
are obvious abridgments that seem to be mere memoranda writ- 
ten to recall more detailed information. Hence it seems probable 
that the treatise, as we now have it, is only a set of notes taken 
down by some student while listening to lectures given by Theo- 
phrastus. It is also possible, on the basis of the same internal evi- 
dence, that we have before us the personal lecture notes of the 
master himself. Whether the treatise in its present form is a set 
of notes taken at lectures or previously written for lectures, it may 
safely be assumed to represent the actual views of Theophrastus, 
and he may reasonably be considered the real author. 

Internal evidence indicates that the treatise was written near the 
end of the fourth century s.c., well within the lifetime of Theo- 
phrastus. This evidence appears in section 59 in the form of a 
statement about the time of the discovery by a certain Kallias of 
a process for refining cinnabar. The validity of this evidence is 
discussed at length in the notes on that section of the Commentary. 

There are comparatively few manuscripts, editions, and trans- 
lations of the works of Theophrastus, and the treatise On Stones 
has appeared even less often than some of his other works. Only 
three codices are known to contain it—namely, Vaticanus 1302, 
Vaticanus 1305, and Vaticanus Urbinas 1o8—and the versions 
differ little from each other. Moreover, only two of them are com- 
plete, as Vaticanus 1305 ends in the middle of section 43. Accord- 
ing to Schneider, these codices were collated by Brandis, who 

3 By actual count there are 226 such titles, but six of these are bracketed as probable 


repetitions by R. D. Hicks, ed., Diogenes Laertius, Lives of Eminent Philosophers 
(Loeb Classical Library, London and New York, 1925), Vol. I, pp. 488-502. 
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found very little that would improve the text.* The date of Vati- 
canus 1302 is disputed. Devreese and Gianelli put it as early as 
the twelfth century, but Diels* thinks that it is as late as the 
fourteenth. The other two manuscripts both belong to the fif- 
teenth century. Heinsius claimed that he had made use of a Heidel- 
berg manuscript, but this statement has been disputed." 

The first appearance of the treatise On Stones in printed form 
is in the Aldine edition" of the works of Aristotle and Theo- 
phrastus published at Venice from 1495 to 1498 and reprinted 
there in 1552. The first Latin translation of the treatise appeared 
in Paris in 1578; this was the work of Turnebus, who had already 
published the corresponding Greck text in 1577. This was followed 
by the edition of Furlanus, published in 1605 at Hanover, con- 
taining the Greek text of some of the works of Theophrastus 
together with a Latin translation and a commentary. And in 1613 
a Greek and Latin edition of his works was published by Hein- 
sius at Leyden. This is an unsatisfactory edition which has been 
severely criticized by both Schneider and Wimmer. Some emenda- 
tions of the text of the treatise were published by Salmasius (Claude 
de Saumaise) in 1629 in his Plinianae Exercitationes In 1647 De 
Laet published at Leyden an annotated Greek and Latin edition 
of the treatise On Stones; this appeared at the beginning of his 
work De gemmis et lapidibus libri duo, which was published as 
a supplement to the third edition of De Boodt's famous Gemma- 
rum et lapidum historia. It is not strictly an independent publica- 
tion of the treatise. 

The first edition in which the text appeared as a single work, 
as well as the first translation into any modern language and the 
first extensive commentary, was published by Hill in 1746 at 

4 Schneider, J. G., ed., Theophrasti Eresis quae supersunt opera (Leipzig, 1818-1821), 
Vol V, p. 146. 

5 We are indebted to the Vatican Library for this information. 

$ Sce Diels, H., "Aristotelis qui fertur de Melisso Xenophane Gorgia libellus," 4b- 
handlungen der königlichen Akademie der Wissenschaften zw Berlin, Philosophisch-his- 
torische Classe (1900), p. 5. 

7 Sir Arthur Hort says that “this claim appears to be entirely fictitious.” Theophrastus, 
Enquiry into Plants (London and New York, 1916), p. xii. 

8 The full tides of the various editions mentioned here are listed at the end of this 
Introduction. 


9 A later edition of this work has been consulted, namely, Salmasius, C., Plinianae 
Exercitationes in Caii Julii Solini Polyhistora (Utrecht, 1689). 
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London. It is still of considerable value for the light it throws on 
the state of chemical, geological, and mineralogical knowledge in 
the period during which it was written.” Hill's work appeared 
in a second and final edition in 1774, largely unaltered as regards 
the text, translation, and commentary, but containing additional 
matter in the appendix and a fuller index. A French translation 
of Hill's English version and commentary, but without the Greck 
text, was published anonymously at Paris in 1754, and a similar 
German translation with additional notes by Baumgartner was 
published at Nürnberg in 1770. Another German translation by 
Schmieder is said to have been published at Freiberg in 1807,” 
but this seems to be a very rare work, since no other mention of 
it could be found, and no copy could be located. These few 
works, which, with the possible exception of the last, are wholly 
or mostly based upon the labors of Hill, constitute the only 
past appearance of the treatise On Stones as an independent 
publication. 

In the nineteenth century the treatise again appears in the form 
of a Greek text and Latin translation in Schneider's elaborate edi- 
tion of the complete works of Theophrastus published at Leipzig 
in 1818, followed by a fifth volume in 1821. In this fifth volume 
Schneider was able to make use of some emendations of the text 
suggested by Adamantios Coraes" in his commentary on the 
Geography of Strabo published at Paris in 1819. The Greek text 
of the treatise also appears in the third volume of Wimmer's 
Teubner edition published at Leipzig in 1862. In the Didot edi- 
tion, published at Paris in 1866, this Greek text of Wimmer is 
reproduced, and Wimmer's parallel Latin translation is given. 
Of these three important editions, Schneider's is the most valuable 
for its extensive critical notes and discussions of the readings of 
earlier editions. In this respect, the two editions of Wimmer are 
inferior, though the text of Wimmer is somewhat better, and in 

10 Its author, John Hill (1716-1775), was a somewhat eccentric litterateur and sci- 
entist who was embroiled with many famous men of his time. Though called by his 
enemies a quack, and by Dr. Johnson a liar, he was, nevertheless, a very learned man 
and a very able writer. His translation of the treatise On Stones brought him to the 
notice of the Royal Society and won him the friendship of some of its members, which 
he forfeited by the publication of certain satirical works directed against them. 


11 Schneider, op. cit., Vol. II, p. 578; Vol. IV, p. 535. 
12 Also written Koraes, Korais, or Coray. 
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his Didot edition he gives a Latin translation that is more original 
than the translation of Schncider, which largely follows the ear- 
lier version of Turnebus. In rgo2, a French translation of the 
treatise was published by Mély'* in a collection of texts and trans- 
lations of carly works on precious stones. In the same year Ste- 
phanides published a valuable list of emendations in the Greck 
periodical A4zhena.'* These have been added to the list of variant 
readings in this book. Finally, in 1922, Mieleitner'" published a 
German translation, based on Wimmer's text, in an article on the 
history of mineralogy in ancient and medieval times. 

In addition to these complete publications of the treatise in one 
form or another, excerpts of various parts of it have been pub- 
lished from time to time in various languages in a number of 
scattered works. The most extensive publication of such excerpts 
is that of Lenz," who made German translations of many parts 
of Hill's English translation and added numerous short notes, 
most of them original, on the significance of the various passages 
and on the identification of the minerals and localities mentioned 
by Theophrastus. The most recent is that of Drabkin," who gives 
an English translation of 17 sections of the treatise. Aside from 
these partial translations, only a few other studies of parts of the 
treatise have appeared. Schwarze™ began a Latin commentary in 
1801, and had published seven parts by 1807. In 1896, Stephanides'* 
published an important study of the treatise. Ruska's work, Das 
Steinbuch des Aristoteles," deals with a much later treatise on 
stones incorrectly attributed to Aristotle, but he refers to the trea- 
tise of Theophrastus in his introduction. Reference is made in 
the Commentary to some of these translated excerpts and spe- 
cial studies, particularly to the interpretations advanced by their 
authors. 

15Mély, F. de, Les lapidaires de l'antiquité et du moyen dge (Paris, 1896-1902), Vol. 
E e M. K., Athena XIV (1902), 367-71. 

15 Mieleitner, K., Fortschritte der Mineralogie, Kristallographie und Petrographie 
VII (1922), 431-45. 

16 Lenz, H., Mineralogie der alten Griechen und Romer (Gotha, 1861), pp. 16-28. 

17 Cohen, M. R., and Drabkin, I. E., 4 Source Book of Greek Science (New York, 
2 sur C. A. De Theophrasti lapidibus commentanones (Gorlicii, 1801-1807). 

19 Stephanides, M. K., The Mineralogy of Theophrastus (in Greek), (Athens, 1896). 

20 Ruska, J., Das Steinbuch des Aristoteles (Heidelberg, 1912). 
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The Greek text which is printed here is almost the same as the 
one established by Wimmer, but a few minor changes have been 
made. The three Vatican manuscripts have been collated, as well 
as the editions of Aldus, Turnebus, Furlanus, Heinsius, De Laet, 
Hill, and Schneider. All the important variations in the manu- 
scripts and some of the conjectures made by the editors are listed 
in the critical notes, and the differences between this text and 
Wimmer’s text have also been included. Though the traditional 
numbering of the sections of the text has been retained, some 
adjustments have been made in the paragraphs of the transla- 
tion where the usual divisions between the sections appear to be 
illogical. 

In this translation an attempt has been made to give a clear and 
simple English version, but at the same time to keep as close as 
possible to the actual words of the Greek text. In this respect the 
translation differs from the rather free version of Hill, who re- 
flected the spirit of his times and in many passages preferred 
elegance of expression to accuracy of statement. Nevertheless, be- 
cause of the very compressed style of Theophrastus, certain pas- 
sages in the present translation are of necessity expanded para- 
phrases of the Greek text. The difficult problem of the translation 
of the Greek names of mineral substances has been treated in the 
following way. Names of mineral substances, particularly those 
of precious stones, for which no exact English equivalent could 
be found are simply transliterated, and appear in italics in the 
translation, and the question of their identification is discussed 
in the Commentary. Names for which an exact English equivalent 
could be given are so translated and do not appear in italics. Gen- 
erally the Greek spelling of proper names has been used, but 
wherever the Latin or the English spelling is customary, this has 
been preferred; thus "Theophrastus and Athens are written in- 
stead of Theophrastos and Athena. 

It has generally been thought that the treatise is a fragment of 
a very much larger work. A possible explanation of the lacunae, 
and perhaps of the marked lack of literary style, may be found in 
an account given by Strabo,” who describes the fate of the manu- 
script books of Theophrastus after his death, and the later un- 


21 Geography, Book XIII, chap. i, sec. 54. 
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skillful attempts to restore them to their original state. Apart 
from a few obvious gaps, however, and the rather abrupt ending, 
there is no real evidence that the treatise in its present form is 
not a separate, fairly complete work. Its brevity is apparently the 
basis of most of the suppositions that the text as wc have it is a 
mere fragment; but if due consideration is given to the naturc 
of the treatise and to the extent of ancient mineralogical knowl- 
edge as shown by other sources, it will be seen that it covers the 
field indicated by its title in an adequate manner, even though 
it may not be complete. 

Without being a purely descriptive or a purely philosophical 
Work, the treatise seems to be an attempt to classify mineral sub- 
stances on the basis of Aristotelian principles, and a number of 
specific examples are used, mainly for purposes of illustration, 
without any intention of giving extended descriptions. It may be 
inferred that Theophrastus mentions only a small proportion of 
the mineral products known to him and his contemporaries; for 
Pliny, though he draws largely from Greek authors, some older 
than Theophrastus, mentions about ten times as many kinds of 
rocks or minerals. Those mentioned by Theophrastus appear to 
be introduced mainly to illustrate in a general way contrasting 
behavior and distinctive differences in stones and earths, and he 
may not have intended to catalogue the numerous varieties that 
were known at the time. This would explain why he describes 
relatively few mineral substances in any detail, and why he pays 
so little attention to certain common and highly useful ones about 
which a good deal must have been known even in his day. 

From the historical standpoint the treatise is of special interest 
because it represents, so far as we know, the first attempt to study 
mineral substances in a systematic way. For this purpose, Theo- 
phrastus divides them into two main classes, stones and earths, 
discussion of the latter being confined to the second and smaller 
portion of the treatise. Though few in number, the concise ac- 
counts of ancient chemical processes included in this division are 
of no little importance for the history of chemical technology. At 
first glance, the structure of the treatise may seem to be loose or 
even disconnected, but on closer examination it will be readily 
apparent that this is not so. From the very beginning Theophras- 
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tus proceeds in a systematic way to develop the subject under 
discussion, proceeding regularly from the general to the particu- 
lar, foreshadowing what is to come and making easy transitions 
from one phase of the general subject to another. Though his 
whole method of treatment is logical enough, the classification or 
system resulüng from it, being grounded upon superficial ap- 
pearance and behavior rather than upon any concept of chemical 
composition, necessarily has marked limitations. Nevertheless, 
from a scientific standpoint this little treatise is much better than 
the other ancient and medieval works on minerals that are known 
to us. Pliny, for example, though he treats the subject far more 
extensively, does so in a much less critical and systematic fashion. 
The comparative freedom of the treatise On Stones from fable 
and magic should be especially noted, for many of the works 
in this field written centuries later, particularly the medieval 
lapidaries, dwell largely upon the fancied magical or curative 
powers of precious stones. In fact, for almost two thousand years 
this treatise by Theophrastus remained the most rational and 
systematic attempt at a study of mineral substances. 
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MANUSCRIPTS 


Codex Vaticanus Graecus 1302, XII-XIV Century. 
Codex Vaticanus Graecus 1305, XV Century. 
Codex Vaticanus Urbinas Graecus 108, XV Century. 


EDITIONS 


Arpus. Editio princeps: Aristoteles et Theophrastus. Venetiis, in 
domo Aldi Manutii Romani et Graecorum studiosi, 1497, tom. II, fol. 
254-60 (et repetita in editione Camotiana apud Aldi filios, 1552, pp. 
569-82). 

Turnesus. Theophrasti De lapidibus. Lutetiae, ex officina Federici 
Morelli, 1577. 

Theophrasti de lapidibus liber, ab Adriano Turnebo latinitate dona- 
tus. Lutetiae, ex officina Federici Morelli, 1578. 

FunLANvs. Theophrasti Eresii peripateticorum post Aristotelem 
principis, pleraque antehac Latine numquam, nunc Graece et Latine 
simul edita. Interpretibus Daniele Furlano Cretensi, Adriano Turnebo. 
Accesserunt liber De innato spiritu, Aristoteli attributus et Danielis 
Furlani uberes ad omnia commentarii. Hanoviae, typis Wechelianis, 
apud Claudium Marnium, 1605. 

HziNsivs. Theophrasti Eresii Graece et Latine opera omnia. Daniel 
Heinsius textum graecum locis infinitis partim ex ingenio partim e 
libris emendavit, hiulca supplevit, male concepta recensuit, interpreta- 
tionem passim interpolavit. Cum indice locupletissimo. Lugduni Bata- 
vorum, ex typographio Henrici ab Haestens, impensis Iohannis Orlers, 
And. Cloucq, et Ioh. Maire, 1613. 

De Laer. Ioannis De Laet Antverpiani De gemmis et lapidibus libri 
duo quibus praemittitur Theophrast liber De lapidibus Graece et 
Latine cum brevibus annotationibus. Lugduni Batavorum, ex officina 
Ioannis Maire, 1647. 

Hm. Theophrastus’s History of stones. With an English version 
and critical and philosophical notes, including the modern history of 
the gems, etc., described by that author, and of many other of the native 
fossils. By John Hill. To which are added, two letters: One to Dr. 
James Parsons, F.R.S. On the colours of the sapphire and turquoise. 
And the other, to Martin Folkes, Esq., Doctor of Laws, and President 
of the Royal Society; upon the effects of different menstruums on cop- 

1 There is also an editio Basiliensis (J. Oporinus, Basileae, 1541), but this has not 
been used for the critical notes. 
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per. Both tending to illustrate the doctrine of gems being coloured 
by metalline particles. London, printed for C. Davis, 1746. 

Second edition, as above, with: . . . Greek index, Observations on 
the new Swedish acid, and of the stone from which it is obtained, and 
Idea of a natural and artificial method of fossils, by John Hill, 1774. 

Scunemer. Theophrasti Eresii quae supersunt opera et excerpta li- 
brorum quatuor tomis comprehensa. Ad fidem librorum editorum et 
scriptorum emendavit, Historiam et libros VI De causis plantarum 
coniuncta opera D. H. F. Linkii, excerpta solus, explicare conatus est 
Io. Gottlob Schneider, Saxo. Lipsiae, sumptibus Frid. Christ. Guil. 
Vogelii, 1818. 'Tom. V, 1821. 

Wnawrz (Teubner). Theophrasti Eresii Opera quae supersunt om- 
nia. Ex recognitione Friderici Wimmer. Tomus tertius fragmenta 
continens. Lipsiae, sumptibus et typis B. G. Teubneri, 1862. 

Wimmer (Didot). Theophrasti Eresii Opera quae supersunt omnia. 
Graeca recensuit, Latine interpretatus est, indices rerum et verborum 
absolutissimos adjecit Fridericus Wimmer . . . Parisiis, Firmin Didot, 
1866. 

Frencn TEwANsLATIONS. Traité des pierres de Théophraste. Traduit 
du grec; avec des notes physiques et critiques, traduites de l'anglois de 
M. Hill; auquel on a ajouté deux lettres du méme auteur, l'une au 
docteur Parsons, sur les couleurs du saphir et de la turquoise; et 
l'autre à M. Folkes, . . . sur les effets des différens menstrues sur le 
cuivre. Paris, Herissant, 1754. 

Les lapidaires de l'antiquité et du moyen áge, F. de Mély, Tome 
III, fasc. 1, Paris, 1902. 

GERMAN Translations. Theophrastus von den Steinen aus dem 
Griechischen. Nebst Hills physicalischen und critischen Anmerkungen 
u. einigen in die Naturgeschichte u. Chymie eingeschlagenden Briefen, 
aus dem englischen übersetzt. Mit Anmerkungen u. einer Abhandlung 
von der Kunst der Alten in Steinen zu schneiden vermehrt. Von Albert 
Heinrich Baumgartner. Nürnberg, 1770. 

Karl Mieleitner, “Geschichte der Mineralogie im Altertum und im 
Mittelalter," Fortschritte der Mineralogie, Kristallographie und Pe- 


trologie VII (1922), 427-80. 

Since the manuscripts correspond in error to a marked degree, 
they are either derived from a common source or B and C depend 
on A. A and C are very similar in their readings, but there are 
certain differences in B. The additional mistakes that are found 
here are probably due to a careless copyist, but the manuscript 
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has also been corrected by a later hand, and sometimes the cor- 
rect reading appears as follows: povos is corrected to dpotos in 
section 6. The Aldine edition corresponds in error with the manu- 
scripts to such an extent that it is clearly derived from the same 
source. In a number of places it gives a different reading, fre- 
quently the correct one, e.g., xpopaot for xpwpeva in section I, 
but it is not certain whether these changes are due to the skill 
of the editor or are derived from some other source which has 
not survived. The most difficult problem occurs in section 20, 
where Aldus is the sole source for ov, which is written as an ab- 
breviation before xuronpotra:. Wimmer accepts this, though the 
manuscripts have 5j or 7. There is no evidence that Aldus derived 
this from another source, and it may be a misprint. He is of no 
assistance in filling the difficult gaps in the manuscripts, such as 
the one in section 8 between o-xeóóz and Aóyov; but though his 
text contains many misprints, he is frequently helpful in supply- 
ing the right reading. 

Schneider thinks highly of Turnebus and often accepts his con- 
jectures; Heinsius tends to follow Furlanus, who was not as good 
an editor as Turnebus. Hill's text is too full of misprints to be 
reliable. 

The variant readings of the three manuscripts and the Aldine 
edition have been listed wherever they differ from Wimmer's 
text. Some minor variations in spelling that appear in the manu- 
scripts and some obvious misprints made by Aldus have been 
omitted. Certain conjectures that appear in the six later editions 
or in other publications have also been listed, but variations that 
seem to be due to mistakes or misprints usually have not been 
included. 

Though it is customary to use Latin for critical notes on a text, 
this has not been done here, since the book is intended for read- 
ers interested in science as well as for classical scholars; but for 
the sake of brevity the abbreviations “om.,” “add.,” and "conj." 
have been used for an omission, an addition, and a conjecture. 
Words added to the text are indicated by pointed brackets, words 
removed from the text are indicated by square brackets, and 
doubtful words are marked with a dagger. Since the editors differ 
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in their use of brackets and are sometimes inconsistent, it has not 
always been easy to guess their meaning. 

Wimmer's Didot edition is the same as the Teubner edition 
except for a few unimportant misprints that have been corrected 
and two minor variations in section 36 and section 37. À few 
changes have been made in Wimmer's text, and in these places 
Wimmer's readings have been listed. Thus é£opovobv[ra«] has 
been read in section 4, dé dy in section 6, (mávres rv Kara) in 
section 8, év rots in section 13, éxxaieras in section 17, 4 before 
Kuronpovras in section 20, woAvriporépa in section 22, Tavóv in 
section 25, Aevkórarov in section 55, »yewdbavéaw in section 61, 
and rovro in section 65. Sometimes Wimmer omits the definite 
article where it appears in the manuscripts. It seems better to 
follow the manuscripts whenever this is possible; therefore ris 
has been restored before xwrojpibos in section 22, rovs before 
érnoias in section 35, r® before éAai in section 42, ràv before 
vaxvrárov in section 55, rá before azopdypara in section 67, 
and rots before rovovross in section 68. In section 36 Wimmer 
keeps rovs before soAvreAeis in his first edition and omits it in 
the second. Sometimes the definite article does not appear in the 
manuscripts, though it is really needed for clarity. In these places 
(9) has been added to the text as follows: in section 5 before 
Kara Tas épyacias and in section 22 after uéAauva, before pa- 
Ads, and before ¿x rìs ÜaXáaas. A few accents have been 
changed, e.g., owivos in section 13 and mpaciris and aiparîrıs 
in section 37. 

In the Didot edition Wimmer uses capital letters at the be- 
ginning of each sentence, but in the Teubner edition he uses 
them only at the beginning of chapters. Here the Teubner edition 
has been followed. Adjectives formed from place names have been 
written with capitals wherever Wimmer has used small letters, 
but these changes have not been included in the critical notes. 
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In the critical notes the following abbreviations arc used for the 
manuscripts, and the name of the editor is used for each of the printed 


editions. 
MANUSCRIPTS 
I. À = Codex Vaticanus Graecus 1302, 12th-14th century. 
2. B = Codex Vaticanus Graecus 1305, 15th century. 
This ends in the middle of section 43. 
3. C = Codex Vaticanus Urbinas Graecus 108, 15th century. 
Q = the consensus of A, B, C up to section 43 and of A, C from 
section 43 to section 69. 
FIRST EDITION 
4. Aldus — Aldus Manutius, Venice, 1497. 


OTHER EDITIONS 


. Turnebus — A. Turnebus, Paris. 1577. 


Furlanus — D. Furlanus, Hanover, 1605. 

Heinsius = D. Heinsius, Leyden, 1613. 

Laet = J. de Laet, Leyden, 1647. 

Hill — J. Hill, second edition, London, 1774. 

(a) Schneider = J. G. Schneider, Leipzig, 1818. 

(b) Schneider (Syll.) — J. G. Schneider, Syllabus emendandorum 
et addendorum, Vol. 5, 1821. 


EDITIONS USED FOR THE TEXT 


. Wimmer = F. Wimmer, Teubner edition, Leipzig, 1862, and 


Didot edition, Paris, 1866. Where they differ, they are represented 
by Wimmer (T) and Wimmer (D). 


OTHER AUTHORS AND WORKS 


Stephanides = M. K. Stephanides, Athena, XIV (Athens, 1902), 367- 


71. 
Stephanides (Min.) = M. K. Stephanides, The Mineralogy of Theo- 


phrastus (In Greek), Athens, 1896. 


Coraes = Adamantios Coraes. 
Salmasius — C. Salmasius (Claude de Saumaise). 
Eichholz — D. E. Fichholz, Classical Review, LXVI (1952), 144-45; 


LIX (1945), 52. 
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HEPI AIGON 

Tov év rj yp cuvorranuéyov rà uév ¿oru Ü9aros, rà 86€ yfjs. 
BOaros èv rà peradevopeva kalámep dpyvpos kal xpvords Kai 
TáAAÀa, yns 9€ Milos re kai doa AiOwy edn meperrórepa, kai ef 
tives O7) THS ys aurns Wwrepa dices eiciv 1) xpoparw ù 
Àeuórmoruy 1) Trvkvórgauw 1) CÀÀT tii Ovvdpet. mepi pèv oov Trav 
peraAAevouévov év GÀ) ous reÜeoprraa* epi 96 rovrov vüv héyw- 
pev. dxavra ovv tavra xpi) voile ws amas eltrety ex kafapas 
Tivos G'Uvearávaa Kai oahs DANS, etre avpporjs etre SenOjoeds 
T.wOS YEVOÉVNS, etre WS avwTépw ElpyTat Kai Kar’ dÀXov rpórrov 
ékkekpuuévns" Taxa yap évdéxeras TÀ pév otros, rà Ó éxeivus, 
rà 8° dAXcs. ad’ dv 57) kai rò N etov kai TÒ TUKVÒV Kai TÒ aT mTVÓV 
Kai Svadaves kai TadNa Tà rouatra. €xouct, kai dow ay opadéo- 
tepov kai kaÜDaperepov €xacTov J romoUro Kai ravra paddov 
únápxe. TO yap óN ov ws ay axpiBeias Exp rà Kata THY oúotaow 
4) whew ovrws dxodovbel kai rà az’ éxetvov. 7) S€ wikis Tots pev 
amd Oeppod rois Ò ard Wuypov yiverar. koe yap tows ovder 
éva yér Mbwv vd’ éxarépov ovvioracba rovrov. érel Ta ye 
THS yns &mavra Sdfeaev àv bro mupós` éme(mep rois évavriots 
ékdorrov 1) Tñ. kai 7) Te. (Ouórrres 0€ wrelovs eioiv év Tots 
Aious* év pev yap TH YQ Xpepaci re kai yo xpórgrt kai ew- 
THT kai TUKVOTHTL Kai Tois TOLOUTOLS ai mohal Stadopal, Kara 
6€ rà dÀÀa ordi. tots 66 Aas abrai re kai mpós ravraus ai 
Kara tas Ovvájeis TOU T€ Tout 7) áo KEW 7 TOU À MATEN. 
TAKTO yap oi Ó drnxrot, kal kavarroi of Ò dxavorrot, kai dÀÀa 
Tovro.s Guo. Kai €v avr] TH Kavoe kal mupe metovs Exov- 
res Guujopás, Eros Šë Tots xpopacw é£oporody[rar] Suvdpevor 
TÓ Dowp orep 1j opápayðos, oi 0. GAws dmoNoUv rà trbépeva 
eis €avrovs, Erepor ÔÈ OAKHY Tiva moiy, oi 06 Bacavilew rov 
Xpvaty Kai Tov dpyupov aoTEp Tj re KaXovpévn AiBos “Hpaxdeia 
kai 3) Avon. Oavpaciwráry 9€ kai peyiorn Sivas, eimep anes, 
j| TOv rucróvrov* yvwpıpwrépa dé [àv] kai év meiosi (ñ) karà 
Tas épyacias’ ykumrol yap Evo. Kai ropvevroi Kai mpwrrot, TOV 
Sè ovde óN oç amreras adypiov, évíov ÔÈ Kaxds kai pós. eii 
Sé mAeíovs kai dAdat mapa tavras Siadopat. ai pèv otv Kara 
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` , 
Ta Xpwparta Kai Tas oxAnporntas kai uaXakórgras kai Xeuórm- 
Tas Kai TÀA\a rà rovabra, Ov Sv TÒ mrepvrróv, mheloow (mápxovat 
` 
Kai évíots ye Kara. Tómov Šov. é£ àv 81) kai Owvopao pévar Mbo- 
Topia Iapíov re kai ITevreAuQv kai Xiwv re kai 69 Batkáv, kai 
ws ó mepi Atyvrrov év &Bais ahaBaotpirns,—Kal yàp otros 
péyas Téuverau,—kai ó TQ éAéjavri Ópovos ó xepvirns Kadov- 
pevos, év Ñ Tué)o aoi kai Aapetov ketaÜat. kai ó mópos Guotos 
TQ Xpopart kai TH rvkvórmri TE Ilapi v 96 kovórqra póvov 
EXwv ToU Trópov, dio kai év rois arovOalopvou oucjpacuw óomep 
Š , pé s ` e > P * , 2 50 Š ` 
ialwpa TUÉacw avróv of Alyvmrrvot. kai ué)aç avróO, Stadavys 
v ^ , ` >: x ` 4 , € ` ^ 
Ópotos TQ Xi, kai rap. adAors 0€ €repot mA eíovs. ai pèv ovv Tot- 
abra. Gudopai kaDárep €d€xOn kowórepaa The[ocruv, ai 8€ xara. 
tas Suvdpers Tas Tpoetpmuévaç ovxére rómots 6Àotç Ümápxovaw 
ovde avvexetaus ABwv ovdé peyeeow. Evo 8€ kai amráviot máp- 
mav eii Kai opixpot kaÜámep T| T€ opápayðos kai Td aápOvov 
` e Ld ` e Ld ` ` , ^ ` 
xai ó dvÜpa£ xai 7) camdepos kai oxedov (mávres TOY Kara) 
Aóyov eis rà ohpayidva *yAvirrv. oi 9€ kai év érépous eùpio kovrar 
Ótakorropévots. ddiyor 8€ kai of wept THY TUpwoW kai Kadow, 
vmép av O7) kai mpõrov tows Aekréov tivas Kai móoas €xovat 
dvadopas. 
Kara 67) rjv ripwow oi uév riKxovrat kai péovow Qomep oi 
, € ^ ` - ^ 3 2 ` ^ ^ ` , 
peraAAevro(t. pet yàp dua TO dpryópo kai TQ xak kai apo 
kai 7) Albos T éx rovrov, etr. oUv Sua. THY v'ypórqra. TOv évvrapxóv- 
Tcv eire kai Òr avrovs. wraŭrws ÔÈ kai of Trvpopáxot Kai ot pv- 
Aiai péovow ots émiréacw oi katovres. oi 6€ kal GAws Aéyovat 
vávras THKETOaL Xv TOU pappapov, roÜrov 0€ karakaíeo at 
` Ld > 3 ^ , , a v E & ^ 3 ^ 
kai Koviav é£ avro yiveo Qar. Gó£ew 8. av obtws éri mA etov eipfja- 
Oar’ morio yap oi pryvipevor kai Stamndarres ws dmopaxóp evot 
rijv mipwow orep [ov9 ] ó Képapos. 6 kai kara Xóyov éoTiv, 
otrwes efvypacpévoe rvyxávovauww: TÒ ‘yap THKTOY EviKpov elvat 
Set kai wypornr Exev meto. aoi 06 kai TOv T]Avovpévov Tous 
` > , , " 3 5 , . ` 
pev ¿va£mpaíyveo Oat tereiws dot axpetovs civa um KaraBpex- 
Oévras náv kai ovvixpacbévras rovs 0€ kai pahaxwrépovs Kal 
Stafpavarous pahdov. $avepóv 0€ ws üudorépov pev eEarpetrar 
rij» vypornra, ovpBaiver 86 rovs pév mukvoùs aroEnpawopévous 
oxdnpiveo Oat, rovs 9€ pavods kai àv 1) copas roravr Opavo- 
Tovs eiva kai THKTOVs. čvor 86 TOV Opavorav dvÜpakobvra rfj 
xavoe kai Svapévovor teiw xpóvov óomep oi Trepi Bivas év r@ 
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, «^ ` L4 » 
HETAANW obs ó rorapós karadépev KatovTat yap órav ávÜpakes 
^ ^ ^?» 3 , 
émvreÜio kai uéxpt rovrov axpis av dvog Tis, €T. amopapai- 
^ e 
vovTat Kat maAw Kaiovrat, 610 kai TmoÀUv xpovoyv T XpTCtS ` 7) 
> Li ` ^ , ` , á ` ^ , 
Ó dop7 Bapeta odddpa kai Svoxepys. dv 6€ Kadovor amivov, 
> ^ ` M 
ds jv év rots perdos, obros Staxomeis Kai avvreÜeis mpòs 
e ` 5 ^ ty 7 ? , ` ^ ` , , 
éavrOóv €v TH T)Àup Té evos Kalerat, kai padAov éav émujexaa 
^ ^ ^ ` 
Kai Tépupávy tis. ó ÔÈ Acrapatos expopovrai re TH kavae Kat 
, ` v > v , , r ` 
yiveras Kiconpoedys wol’ dua rrjv re xpóav peraBaddew xat 
THY TUKVOTHTA" uéAas TE yàp kai Aetós éart kai TUKVÒS AKAVOTOS 
£M , ` * » A , , w ` 
Qv. yivera ÔÈ ovros év rj Kiconper Srechnppévos GrAdrAoM Kat 
L4 , > , ` > , v vo’ , 
GÀÀoñ, kaÜdzep év kvrrápo Kai ov ovvexýs, QOoTep Kai ev Myrw 
hari THY kicanpw év adrw rwi Aw yiver Oat. kai éxetvos uv 
, + 
TOUT@ woTEp dvruremovÜoçs' mv ó AiBos obros ovx Ópouos 
TQ A\i7wapaiw. éxdopovrar O6 kai 6 év Terpaó, trys Lexedias 
, m ` ` , , ` ` ” t ` , , 
ywópevos* rovro 8€ 7ò ywplov érti Kara Airapav. ó 86 Aiflos év 
^ Ld ^ , , ` e , ^ », , 
Tj axpa rů Epuauedó, kaXlovuévg modds opolws TQ év Bivas 
KaLopevos óo u7)v dd(mou: aa daArov, TÒ 8 éx rrjs karakavaeos 
Ópotov yiveras yn kexavpévm. obs 66 kaXoUauv evOus avOpaxas 
TÀv Ópvrrouévow Ou THY xpe(av eiri yewders, éxxatovrat ÔÈ kai 
mupovvrat kaÜazep oi avOpaxes. eioi 0€ mepi TE THY AcyvaTucrv 
Ld ` ` Ld ` ,” ^ r 2 > Pd 
óTov Kat TO TjÀexrpov, kai év TH HAeía. Ba&dLóvrov "'OXvymiale 
Tv Ov Opovs, ols kai of xaÀkets ypavra. evpéOn 0€ «ore év 
^ , , r ^ ^ ` = , 
Tots XxamrnovÀms puerüAÀots Atos ôs TH èv õpe vapópotos 
A , ^ v > 5 r , s 3 r ` @ 3 
av úw campo, Gre Ó érixéovró Tis €Aauov éxkaterau, kai GT 
exkavÜeim róre TavEeTaL Kal avrós woTEp àmaÜT7)s dv. TaV pèv 
> 
ov kuopévwv oxeóov attra Siadhopai. 
“Ado Ôé TL yévos é€oti AtÜew orep È evavTiov meduxds, 
3 ? 
dxavotov ws, dvOpak Kxadovpevos, é£ o0 Kai rà odpayidia 
^ > ` ` ^ ld ` ` ` [d id 
yr\vdovow, épvÜpóv u£v TQ xpápart, mpós 0€ Tov FALov THE wevov 
avOpaxos kavopévov rout xpóav. rTuuorrarov Ó ws ETEV” puxpov 
^ ? 
yàp adóópa rerrapákovra xpvoðv. yera 96 obros é< Kapxm- 
, ` , , , x e ` Ld ` 
Oóvos kai Maca) (as. ov kalerat Që ó mept MiAnrov youvuoetÓTç 
^ 5 + ` ~ ep7? ^ & w ` ^ 
Gv év àmep kai rà E€aywva. Kadovot Ò àvÜpaka Kai ToUTov, 
6 kai Üavpaaróv érti’ porov yap rpórov TÀ kai TO TOU dOd- 
m 3 ` xs 6» @ € ld ` , r A 
pavros* où yàp ov0 womep T) kiornpis kai Tébpa Oó£ewv av 
Š x As ` s e A ^ M x ` x 7 Š ` 
ud. TO pnodev Éxew vypóv* raðra yap üxavora kai dmópora Ou 
` 2 ^ ` e P = 3 ` ` ` Lá e , 3 
TÓ é£mpTno au, rò vypóv: met Kat TÓ GAOV 1) kioonpis Ex karta- 
^^ ` ^ ^ A 
kao eos Ooket ru 'yíivea har, mXT)v THS êk TOU adpod Ths ÜaAdo- 
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ons cumorapervns. AapBavovor 96 rij» mior Sa. rhs alio03- 
Tews Ex re THY mept roUs kporíjpas ywopévwv kai êk THs tra- 
Bápov Mov rs ddoyoupévnst $ xuconpodrat. paprvpetv Se 
Kai of rómo. Soxotow èv ols 1) yéveris” Kai yap év rots T 
páXwrra. kai ù) Kiconpis. ráxa Šë 3j u£v otros ai 8 Aws kai 
TÀelovs Tpdmot THs yevérews. 7] yap ¿p Nuropo kaDárep é£ ap- 
pov Twos €owe ovykeiaÜas. omuetov 96 AapBdvovow sr trav 
eüpwrkopévov ¿vuu ÓuaÜpimrrovra, év rois xepoiv domep eis 
upov dea TÓ uiro ovverrdvas pnde ovprernyévar. evpiarkovat 
5 áfpóas xarà puxpa xerpomAnbets ócov woddds 7 mrp pei- 
¿ous Gray amapjowvra rTávo* éhadpa 86 odddpa 7 áupos. Ù 
9' avd xai év M+rjÀQ maca pev t... Ena 8 ad èv Mibo ru érépo 
yiveras xabdrep €\éxOn mpórepov. Siadopas § exovor mpòs 
@AnAas Kai xpopart. kai wuxvernre kai dpe” xpapart pev Sri 
pédawa (Ñ) €x TOU púaxos ToU év Suxedig® mvkvórgr 96 kal Bá- 
pe. aŭrņ re kal (3) tpadrddns. yiveras yap Tis. Kai rovavrn 
xioonpes kai Bapos Exe. kai wuKvornra kai év rjj XpHoe sroXv- 
TysoTépa THs érépas. Tunricn 06 kai 7 ék ToU pvakos uáAXov 
THs Kovdns kai Meuris, TunTuwrarn 9 (43) é< ris ÜaXdoons 
avrijs. Kai Tepi pèv THS kuravjpuoos émi roooUrov eipija Do. mepi 
de rüv mupovpévæwv kai Trav áümvparav ABwv ad’ àv kai eis rotro 
é£féBnper ëv Grrots Oewpnréov tas airias. 

Tov Šë MBwv kai drdrAat (8uíopot) rvyxdvovow é£ dv kai 
rà odpayioua yigovow. ai pèv rfj der póvov olov Tò aápOwv 
Kai 7) (ao kai 7 caT@pepos’ atrn 9. éariv orep xpvaómao- 
Tos. 7) 9€ opapaydos kal Suvdpers twas Exe" TOÔ Te yap vartos 
Trep &mopev é£opovoüra, THY Xpóav éavrfj, perpia pev obra 
éAárrovos, 1j 9€ peyiorn vavrós, 7) 96 xepiorrn rob kaf avri» 
póvov. kai mpos rà Gupata dya, 6 kai rà odpayidia po- 
posu È auras dore Bere" Zoe 0€ romavia kai rò péyeBos 
ov peyddn, tH ei mwrrevew Tais avaypadats Sel vmép tráv 
Baowéov trav Aiyvrriav’ éxeivos yap dace Koyo 0ñvat mor 
év Sdépos rapa roð BaBviwviwy Baciéos pijkos uév rerpá- 
anxuv mrdros 66 tpirnxuv. avaxetoOat Šë kai év TÔ TOU Aus ôf- 
hioxw opapdydous rérrapas, pikos pév rerrapáxovra. TNXŐV, 
evpos Šë rjj pè rérrapas TH 6ë Svo. rañra èv obv Gr. Kata. THY 
éxeivav ypadyv. trav 86 travav kaXovpévov rò TOV 7 
êv Tup@ peyiorn. ori) yáp éorw evpeyéOns év T Tot “Hpa- 
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KÀéous iepQ^ ei pn dpa Wevdyns auapaydos, kai yap TouavrT 
yiverai tis dots. yiverar 86 év rots év éjukrQ kal yrwpipors 
roots Surraxod padiora mepi re Kúmpov év rots xa)Àxopuxe(otç 
Kai €v TH VHTw TH émixepévy Nadrkxnddue. kai iduwrépous evpio- 
Kovow év raúrm ` petaddeverar yap womep TáAÀa Kai 7 vais 
kata paBdovs émoímoev v Kimpw avrnv kaÜ' avrijv mods. 
evpioxovras 6€ oravia péyeBos Exovoa appayidos add’ éAár- 
rovs at moAAai, Sto Kai mpos THY KOAANCOW aùr) xpa@vrat ToU 
xpvc'iov" KoAAG yap womEp 7 XpucroKóÀÀa. kai Evol ye 57 xai 
vroÀlaufavovoi mv abr)v cw elva’ kai yap THY xpóav 
mapópou Tvyxüvovguw. ard’ ù) pev xpvaokóÀAa SajuXs Kal 
év TOLS Xpucre(otç Kat Ett paddov év Tots xaÀxopuyxe(otç oor mep 
év Tots mepi rovs Í ... rónovs. 7 0€ Tpapaydos oravia kaharep 
e(purau* Soxet yap èk THs iaomédos Yy(veoÜa,. aoi yap epe- 
Onvai vore év Kvmpo Aifov Hs ró èv r)uvrv opapaydos Hv tò 
Hov 6€ Cao mis ws oto peraBeBrAnxkvias amd roO DOaros. €o. 
5€ Tis avrijs épyaaía mpos Tó Xaymrpóv ` apy? yàp ovca ov Map- 
T pd. 

AŬT re Ò) mepirr TH Suvdper kai TO ÀvyyoUpuov" Kai yàp 
ék TovTou yAvderat rà odpayidia kai ort oTEepewrarn kaharep 
AiBos: Axe yap Go ep TO HAEKTpov. oi 6€ Qaa où povoy kapon 
Kai EvAov adda Kai xadxKov xai c(Šmpov éàv j) Xemróç, darmep 
Kat Avoxdns €Xeyey. €o. Óë diadavés re aóbpa xai jJuypóv. 
BéXrvov 8€ tò rov aypiwy 7 Tò TOY Nuépwv Kai TO TOv áppévov 
N TO TOv Onrewy ws kai rs Tpodys Stadepovorns, Kai Tov mo- 
vetv 7) pu?) Tovetu. kai THS ToU TwpaTos iws Pioews, ñ TO pev 
£npórepov ró © vypórepov. evpioxovor Ó avopvrrovres oi čp- 
mEpo’ KATAKPUTTETAL yap Kal émapaTat yv Grav ovpHon. 
yiveras ÔÈ kai karepyyaaía Tis avrou TÀetov. émet 0€ kai TÒ NAEK- 
tpov AíiÜos. ro yap ópvkróv Ó mepi Avyvarrucjv. Kai ToUTw av 7 
TOU €Akew Õúvajus axodrovboin. párra Ó éríóqAos Kai pave- 
pwrdrn T Tov cidypov dyovca. yivera: 0€ kai atrTn onavia kai 
dAvyayxov. kai am pev 8 evvapiÜueiaÜc Thy Ovvapav ópoíav 
éxew. é£ àv 8€ rà odpayidiia mouetrat kai diar Treiovs e¿o(v. 
otov 7 Ü vadoedys 7) kai čupas moet kai Suddacww, kai Tò 
avOpax.ov, kai 7 Oua£ * Ere 0ë kai 7) KpvoradXos kai ro üpéÜv- 
cov, aud 66 Sabar], eipioxovrar 96 kai abra, kai Tò arápOvov 
Ovakorrouéveov rwv TerpOv. kai addau O6 ws TpoEipyrat mpå- 
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repov Stadopas Zxouca, kai cuvevupor mpós ¿À AY) as. TOD yap 
capóiov rò u£v Siadavés épvÜpórepov Šè xadetrar Oñku, rò Bé 
Šadavës pev ueAávrepov 8ë [xai] dpaev. kai rà Muyyoúpua, 8ë 
ocavros dv To Ondrv Oudavéarepov kai CavÜórepov. Kadetrat 
Šë kai k/avos ó èv dppnv ó 86 0ñhus` peddvrepos 86 ó Zppmv. 
TÒ 8 Óvixwov puxrov AevkQ kai þar map’ Anha. rò 8 áuéÜvoov 
oivarróv Tj] Xpóq. kaAós 6€ A(fos kai ó dxárrs ó amó TOU Axárov 
WoTapov TOU év LuKedia kai nwheirar Tipos. ev Aaupáry Sé mor. 
êv rots xpvaíow evpéOn Üavuaor: ribos ¿£ Fs dvevexÜctons 
Tpoç torıpàv o pay(wv ykuó0ëv aveméud0m Baorte dia 
TO TepurTÓV. 

Kai abra. uév dpa TQ kaÀQ kai Tò ordvuv exovow. ai dé 
Š? ék THs 'EAAd80s evreAéorepas, olov ró avOpaxcov rò é£ "Opxo- 
pevod rns ‘Apxadias. €o. 5€ obros pedavrepos ToU Xíov' ká- 
Tom pa. 66 ¿È avrov moiovov* Kai 6 Tpotljvios* otros 86 srowlAos 
Ta pev howriKots rà d€ Aevkote xpo. moios 6€ kai ó Kopiv- 
Üvos rois avrots xpopaoct mXijv Ett xAopoewéorepos. Td 0€ Grov 
moiol rvyxávovauv oi ToLOvTOL GAN’ oi mrepirroi o Távitot kai ef 
óACyov Trówav olov êk re Kapynddvos xai é< ràv wept Masca- 
Atay kai é£ Aiyúrmrov xara rovs KaraGovmovs kai Sunvns mpós 
"EAefavrivg mode kai ék ris Veda xaXovuévns xopas. kai év 
Kvrpq 1j re opápayðos kai 7 Laos. ols 0€ eis rà JÜokóA gra 
Xpavras ék rjs Baxrpiavis eici mpós TH ép. ovddéyover 
6€ avrovs Ud roùs éernoias immets éuóvres* tore yap éudhavels 
yivovras kwovpévns THS Gupov Sia rò uéyeÜos Trav Tvevpárov. 
eiri 6€ puxpot kai ov peyddor. Trav arovOalopévov 86 XM0ov éorri 
kai ó papyapirns Kadovpevos, Siadarns uév TH doce, vowbct 
Ò’ é£ avrov roùs mok)ure)etç Sppovus. y(verar 06 èv óorpeío rui 
mapat\noig tats Tívvaus (adh éXárrovw péyeÂos 96 Nikos 
ixÜvos fbarpos cipeyéOns), pépet 9€ ğ e "IvOuc) xópa. kai 
vijroi rwes TOv év rjj EpvÜpG. Tò pév oùv mepvrróv oaxeO0v év 
ravrass. eii 0€ Kai aAa Tués, otov ó éAé$as ó Opukrós Toux(Noç 
pédave kai Aevkà. kai Hv kaXotot oámewov* arm yàp pédacva 
ovx (yav TÓpp« TOU kvávov TOU üppevos kai mpacirnis' avTn 
dé iddns rfj xpóa. Tuku] 9€ kai aiparirus* avro Ó avypodns 
Kai karà rovvoua ws atparos Enpov memmyóros. AAN 06 7) ka- 
Loupévyn EavOy, où £avÜT), uév riv xpóav, Exdevxos 06 uáAXXov, 
Š xadovot xpópa oi Aopuets CavÜóv. rò yap kovpáAuor, kai yap 
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TEXT 
Tov0’ momep dios, TH xpóg u£v épvÜpóv, mepubepés ®© ws pila’ 
dvera: 5 év rjj Oaddrrp. rpómov Šé twa ov móppw rovrov TH 
dvoe Kai ó "Iwdixds xddapos dmoAeMÜcpévos. ravra èv ovv 
aGdhAns oKepews. 

Tór 8€ A\wv nodai tives ai ios kal TOv peraddrevopevwv. 
čv yap pa xpvoòrv €xovor kai dpryvpov, mpodavn 96 uóvov 
apyupov’ Bapvrepa: 6€ abra, To) Kai TH por) Kat TH ood 
Kai kvavos avroduns čxwv év éavrQ xpvaokóAAav. d\in 06 AiBos 
poia THY xpóa» rots dvÜpa£w Bápos 6€ Exovar. rò 0€ Sdov év 
Tots peraddAous meistrai kai Wusrara dices evpioxovra TOv 
ToLoUTWY, OY Ta uév eit *yrjs kaÜmep wxpa Kai pidrtos, rà Se 
olov upov Kabdmep xpvaokóAAa. kai Kvavos, Tà 6€ kovías olov 
cavOapáxo xoi dppevwv kai daa Spowa roUrOts. kai TOV pev 
TowvTwy TÀelovs dv ris AdBou tas Sedryras. éviar 5€ Aoc kai 
TÀS To.avras Exover Surdpets eis TO LT) TAT KEY, MOTEP ELTTOMED, 
olov tò uù) yAvder Oar odnpiows GAG Mbois Erépors. Grws pev 
7 Kata Tas épyacias kai trav pelovwv A(wv moid Siadopa. 
TipurToi yap, oi 6€ yAvmroi, xabarep €d€xOn, kai ropvevroi tvy- 
xávovot, xabarep kai 7) Mayvares abr À) (0os 7] kai Opec mepirròv 
€xovaa, kai hs ye 57 wes Oavpalovor THY Gpoiwow TQ apyvp@ 
pndapas ovens ovyyevous. meiovs Š eimiv oi Sexdpevoe mdcas 
Tüs €pyacias. mel kai év Lidvw TowoUrós Tis éarw GpUKTOS Qç 
rpía ará&ua aro QaÀdr—s. oTpoyyvdos kai Bwrwdns, xai ropueú- 
era, Kai yAvderar Sia rò uaXAakóv* Grav 96 mvpoÜp xai aro- 
Bap TQ éXaíe, pédas re ofddpa yiverar kai oxdnpds. mordo 
Ò éE avrod ces rà émrpámela. oi u£v (oiv) rovobrot mavres 
mpoodéxovrar THY TOU Gioynpov Ovvapav* €vvo 86 Allows aAXots 
yrvdovra, adypas 9 ov Svvavras kaDáep emopev. oi Se 
oðýpois pev badge e cé’ kal eu + ... mapamXga ts 
6€ Txáro Ta . - ui) reper Gar .. . cONpw* kairo kai tore- 
pev. ére .. . ir xvpórepa tépve kai oidnpos hifov oxhnpérepos 
ÖV. dromov 8 KGKELVO paiverat dudre 7) pèv axovn Katec Bier Tov 
aidnpov, ó 6€ oidnpos Tamy pev Svvara Suatpeiv xai pvÜyí- 
lew. éË Hs Òe ai odpayibes ov. Kat maw 6 ilos à $ prigovor 
Tas odpayidas éx TovTou rriv é£ obmep ai axovat, 1) é£ Gpotov 
roúrw` ayerat 06 1) (apio) èé 'Apuevías. Üavpaari) 96 dios 
Kai ris Bacavlovons tov xpvodv’ Ookét yap ù riv avri 
éxev TQ Tupi Ovvapav" Kai yap éxeivo Soxyale. 8 Kal aro- 


+ 25 ° 


39 


41 


42 


43 


45 


47 


49 


THEOPHRASTUS ON STONES 


poUaí reves ovK yav oixeiws dmopoðvres. ov yàp Tov avrov rpó- 
mov Soxidale, adda TÒ èv mÜp TÔ rà xpópara perafáNAev 
kal doroty, ó 66 X(0oç rj raparpbpje.* Sivaras yap ws čorkev 
éxhapBdver rjv éxdorov póc. eópfjo0a. 8€ pası viv apeivo 
TONY THS Tpórepov dore uÙ uóvov Tov èk THS kaÜápaeos GÀ GQ 
kai Tov karüxaAxov xpvoóv Kai dpyvpov yvwpiley kai Trócov 
eis TOV OTATHpa uépakraA. onpeta 9. ¿ori avrois amd ToO èha- 
Xiorov’ ékáxwrrov 9€ yiveras kpibý, celra kó) )uños, elra rerap- 
rouóptov 1) T4 [oXos, €£ av yuwpilovor rd kaÜfkov. eüpia- 
kovra ÔÈ rovavras Goa, év T morae Tuo. dela 8 3) vois 
avrav xai ympoedys, mÀareta, ov oTpoyyvAn. uéycÜos 5é rov 
dimravia ths peyiorns dnjjov. 9udépe 9' avris mpós riv 
Soxtpaciay Ta vw mpos Tov jov 1) rà káro Kai Bédrvoy Šoxt- 
pale, ra dvw* rovro 0€ Our. Enpdrepa rà dvo Kao) úe, yap 7 
Vyporns eis Tò éxhauávew: erred Kai év rois xavpace Soxt- 
pale xeipov* avino váp Twa. voriba & avrjs Òr iv amoo- 
Üaíve. cup Baíye, 6€ roUro Kai dois TOv AiBwv, kai é£ dv rà 
¿yd para mowovow, Ó kai omuetov vroAapgBávovaw (Ov Tt 
TOU € 

Ai pev E TOV AiDcv Ouubopai kai Suvdpers eloiv év rovrots. 
ai 0€ rijs yns éAárroves pev usrepar 8€. TÒ pèv yap Týkeoba 


. kai paÀ)drreo Qar xai madw dTockXnpiveoÜat Kai ravry ovp- 


Baive. ryxera: pev yàp trots xvrots kai ópvkrois Trep Kai 
ó Aios ` naAdrreras 0é, M0ous re mowdow, ðv Tas re mokas 
xal Tas dÀÀas ovvriepévas T ... dmácas yap mvpoÜvres Kai 
P ^ » ` neg > ^ e , - , 
paddrrovres trowbacv. et 0€ kai ó Veios Ex rijs vehirðos die rivés 
` 4 , Ld 3 f ` e ^ A 

dac, kai avrn mvkvæce yíveras. Buetarn 96 ù TQ Xalk puyvv- 
pén’ mpos yap rQ Txeca, Kai piyvvoba kai Ovvapav Exe 
vepirriv Gore TQ Kahhe. THs xpóas Towiv Suadopay. mept è 
Kouxtar êsri Tis. 3) Šjerar yñ kai yiveras yMwrxpá* tarn 9 
dAcíjovot Tas djméXAovs avri i£o0 Tpós roùs lras. em Ò ay 
Aapávew kai ravras Tas Š.adopds, Soar Tpós THY arohBoow 
3 A 3 ` v ^ Ld ^ ` P 3 2 
evdveis * érmei al ye rôv rómov morwodora xvpovs Siaddpovs dAMj- 
Xov (ibiav) Tu €xovat dúcu, orep ka ai ro)s TOv dwróv. 
GANG paddov dv rts (av)ras Tots ypópaocı 9upipijoewv olomep 
xai oi ypadets xpávras. Kai yap 1) yéveots rovrov, domep é 
ápxíjs ekmopev, Tyro avppotjs rivds 1) Qj eos *ywopérns. kai 
évd ye 01) datveras mervpwpéva kai olov karakexavpéva, otov 
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TEXT 


` it , NON 3 ` ` `A w ` ^ d 
Kai 7 cavGapáx Kai To üppevwv kai rà dÀÀa rà ro.avra. mávra. 
3 e e ^ ^ ^ ^ ^ ^ ` 
Ò às athds eiméiv darò rrjs ávaÜvpudaeos rara THs Enpas Kat 
KamTrvadous. evpioxerar 01) mrávra év rois perdos TOLS apyv- 
^ 4 
peiows Te kai ypvoeios, Ea 86 Kai év rots xaAKopuxetots, olov 
, Pd 
appevixdy, cavóapáxn, xpvaokóAAa, u(Àros, wxpa, kvavos* éd- 
xurtos 96 obros xai Kar’ éAdxwora. Tov Ó dÀAov TØV HÉV eit 
t€? ` >s * , , , 4 " , ` 
paBdo., mv © óxpav aÜpóav mas pao eivai’ pirtov Óë Tauro- 
> ` » , ^ ^ * 
Samp Gare eis rà avdpeixeha xprjarÜat rouç ypadetçs` kai oxpav 
avr’ dppevixod Sia TÓ pydev rjj xpóq Stadépev, Soxety Ó€. 
aÀÀG pidrov re kai Qxpas rriv évaxod péTahda Kat Kara 
tavta kaÜdmep év Kammadoxiqg, kal opvrrerat oA. yaderrov 
` - - ` * ` , ` ` `x 3 
6€ rots ueraAAevot hariv elvai ro mv(yea a," raxU yap Kai év 
Ghiyw ToUTO mowiv. BeXAría 71) 0€ Ooket uíAros m Keia civa’ yi- 
vovTal yap vÀetovs. 7) pev oÙv ¿K TØV perdAAov, e7ELdT) kai TA 
Š ^ y L4 > ` N. oe , ` a ^ < 
cr'uómpeta. EXEL piXrov. aÀÀa kac 7 Anuvia Kat Tv Kadovat Luvw- 
mun. abro Ó ¿oru 7j Kammadonxy, karayeru 8 eig Sworn. 
év Ôè tro puxp@ peraddeverat xa’ avryv. €or 06 aùrns ym 
trpia, 7 pev épvÜpa. adodpa, 1) dé €xÀeuxoçs, n 66 éon. ravrqv 
avrapKn kadoupev Ou. TÒ py) p.Cyuvvo Qar, ras 8 érépas puyvvovat. 
yiveras 5€ kai ÈK TNS WXpas KaTaxatopervyns adda xetpov, Td Ò 
v , ^ ` 3 ^ v , 
evpnpa Kuótou. cuvetóe€ yàp ékeivos, Qç dac. karakavÜévros 
Tuwós mavóoxetou THY wxpav wv nuikavorov kai medowuvy- 
pv. rUéaot Ò eis Tas Kapivous xvrpas KUVAS zepvzAacavres 
^o > ^ ` , ld . =. » a ^ 
TAG’ ómroci yap Ouirvpot yevopevac’ dow Ò av paddov mv- 
pwlaot, rocovro padrdov pedavrépav xai avOpaxwherrépav 
mooo. paptupel Ó T yéveaus airy’ 6ó£ew yap av UTO mvpòs 
&ravra ravra perafanetv. eizep ópoiav 7) rapammaíav det THY 
évrabÜa. TH voun voile. €o S€. do ep kai pidrtos 7 u£v 
> r € ` , ` , e ` > ` M ` 
avropatos 7 ÔÈ rexvucj, kai kvavos 6 pev avroQvrjs ó 06 oKev- 
aoros womep év AilyvmrQ. yérn 06 kvávov 7pía, 6 Alyvmros. 
` Pd ` , e , , > e > Pd 3 
kai XkvÜns, kai rpíros ó Kumpuos. Bét ros © ó AtyúmTuoç eis 
rà aKpara Aeuopara., ó 0€ XKVOns eis 7a VOapeoTEpa. a kevaarós 
e 3 Pd ` e , ` ` ` ^ ` ^ 
Ó. 6 Aiy’rruos. kai oi ypadovres rà mepi rovs Back etç kai roUro 
ypadovor, Tis mporos Bacihevs ézoigoe xvróv kvavov upnod- 
pevos TOY avrodun, Sapa re méumeo at rap addwv TE kai èk 
Dowixns pópov kvávov, Tov pév ám)pov tov b€ memvpopévov. 
` ` e ` 2 , ` ` , , € ^ 
daci òè oi rà $áppaka rpiBovres Tov èv kvavov é£ éavro0 moi- 
ey xpopara. Térrapa, TO ÈV mpárov EK TOV Xemrorárov Aevkó- 
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rarov, TÒ Óë Sevrepoy èk rv maxurdrwv peddvrarov. Tadrd TE 
` 

Š réxi yivera: kai Ere TÓ WipdMov. ribera yap póňvßðos 

e 5 € 

umép ó£ovs év (Bots Hrixov mrivOos. órav 66 MBn máxos, Nap- 

Ld 

Bave Sé pára év tpépas Séxa, rór' dvotyovow, elr àro- 
, ^ ^ 

Evovow orep eüpárá tia at’ adbrod, kai máu, Ews av karava- 

Awowor. TÓ 0. ázofvópevov ëv rpirrnps tpiBovor kai adnbotow 

# 
dei, Tó 8 Exxarov idurrdpevov ori TÓ YupvOvov. mapatrnoiws 
de A € »* , š ` ` H ` ea ` , 

Kal O los yiverat’ XGaÀK0ç yap épvÜpós vmép rpvyós TiPerat 
xai amofvera: TÓ émvywópevov avira’ éemupaiveras yap ó ids. 
yiveras 5é kai xuvdBapt Tò pev avrodves ró 06 Kar’ épyaaíav. 
avrojvés uév TO mepi 'Ifnpíav aoxdynpov adddpa xai oes, 
kai Tó ëv KóAxors. rovro 9€ dacw elva: (¿mü kpguváv ô karta- 
Baddovor rofevovres. rò 0€ Kar’ épyaoíar vmép 'Edécov puxpov 
é évós rómov póvov. éor. © dppos Hv avAAéyovot Maprupi- 
Lovoav kaDdá:zep ó kókkos* raúrņv 9€ rpójavres GAws év d-yye(ots 
ABivos Aeworárgv mhúvovow év xaXkots [mrpòv év kaXots] 
TÓ Ò iduotdpevoy madw AaBdvres mdvovor kai rp(Boucuv, év 
qmep TTL TÒ THS TEXVNS’ oi uév yàp ék TOU toov TOAD mepi- 
qowvow, oi Ó òhiyov 7 ovÜÉév: adda mAvoparte (r@) eave 
Xpavras év mpòs êv adeidovres. yiverar 0€ TO pèv uduorduevov 

P » ` » » ` ^ P ^ 2 
xáro xuwvaBapt, Tò 8° érávo kai mÀetov mAVT pa. KataderEar SE 

` e ^ ` s , 4 a 3 ^ 3 ^ 

dac, kai evpetv Thy épyaciav Ka) (av twa "AÜRvatov ék rov 
dpryupeiov, ôs oidpevos éxew THY Gupov Xpuo(ov dua TO Xap- 
mupiley émpayparevero kai avvéAeyev. érei Ó ja Oero Gr ovK 
£xe ro 0€ rijs dupov Kdddos éÜavpale Sua THY xpóav obras éri 

` 9 , 2 > ` Š * ` s ` ` w 
Tiv épyaciay Abe raúrmv. où wadaov Ò éoriv adda qepi éry 
pár évevijkovra. eis ápxovra. IHpa£íBovXov "A0sjvyo:. pave- 
pov 9' èk ToÚrov Gre papetrar THY iow 7] Téxvn, Ta Ó iu moei, 
Kai rovrov TÀ u£v xpijoeos xápw rà 0€ povov $avraoías orep 

` Lá s ` w 3 ^ g ` 3 E d 
ras ldXmews. Ena 86 tows ápdotv óomep xvróv üpyvpov. €o 
yap Tus xpeía. kai rovrov. moira 96 Grav Tó (kwváflapo) rpub0 
per ofous ev dyyeíp xak kal Soidune yaik. rà pèv otv 

^ 5F 39 Ld ld 

Trovatra Tax av Tis Aa Bot meto. 

Tóàv 0€ peraddXevrav ra. év Tots yewhavéow Ext Xovrá, [ep] 
dv 1) yves Gorep EXEXON kar üpxàs k cuppoñs rwós kai 
s , , , ` e Ld ^ y 
éxxpicews yiveras kaÜaperépas kai ópaXerépas rv dÀXov. 
xpépara. 86 ravrota hapBavovor kai Sia THY TOV vmrokeuévov 

` ` ^ ` 3 e ` ` , 
+ ... Sa rijv Trav . . . ovvrov Siadopar, éE àv tas èv paddr- 
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TOVTES, Tas S€ rHKovres Kai rpíflovres cuvrujéao, tas iPovs 
Tas êk THS 'Acías ravras dyopévas. ai Ó avroQveis kai dpa 
TQ WEPLTTS TO KPH Lov Exovorat o-xeóov TpEls eigiv 1) Térrapes, 
3j re Maus kai 7 Kiwia kai 7 Zapia kai 7) Tuppaixn reraprn 
Tapa Tavras Ñ ywbos. xpavra 96 oi ypadets rjj Mou povor, 
Tjj Xauíq 8° ov, xaimep ova kaif, Sia Tò Mimos éxewv xai muk- 
vórnra kal Aeirgra. ro yap tňpepov kai . . . Ses xai aA«més 
émi THS ypadns apporres pahdov Grep 7 Mnydcas éxe t TH 
gapids. eii 9€ év tT Mig xai év rfj Lape Siadopai ris ys 
trieiovs. ópvrrovra pev ovv ovK Eat ópÜóv oTHvas év rois év 
Lapp add’ avayxaiov Ñ) trriwv Ù) mAd-yvov. 7 6€ PrASp émi moNu 
dcareiver, TO uév ios hin Šürous, rò 6€ BáÜos moie petLov: 
ép éxdrepa © avrnv Xo, Tepu£yovaw ¿Ë dv éfaupeiras. Sia- 
gunv čxe Sia pérov xai 7 iadu Bedtiwv rri trav ¿€o xoi 
wadw érépay avtys Kai érépav xpi rerrápov t ... éoriv 7 
€oxXarn, Kadeira üo-rjp* xpwrra 96 Tjj yD 7pós rà iwaria ud- 
Mora Ñ póvov. xpaovrat 96 kai TH Tupdaixy mpos rà iparia koi 
ka obo wor oi Trepi tov " AÜcv kai rovs TOTOVS Éktivovs. 7 
6€ yopos yivera: meto pev ev Kümpq xai mepubaveorárq. 
pAkpór yap dato, ris ys OpUrrovres. év Dowixn 9€ xai 
êv Xupia kaíovres rovs AWovs wowiew. erecta 8 év @oup(ots ` 
Kai yap éke yiveras TOANT. Trpin 9€ 1) mepè Tvudaíav xai mepi 
Tleppa:Biavy kai kar adddovs rómovs. 7 0€ vois aurns iia‘ 
\Owdeorépa yap páAAóv éarw 1) yeo09s: ó 0€ Milos éudepr)s 
TQ dÀaflaorpiírp* péyas 8 ov réuvera, dÀÀà xadixwdns. 7 è 
yorxpórgs xai Üepuórns Grav Bpex0: Üavpaaj. xpàvra yap 
wpós re rà oikoOoppara Tov A(Üov mepuxéovres Kav T, AAO 
Boúkeuvrar rovro konoa. kójavres è kai wp émiyéovres 
rapárrovot £Aots, TH xep yap ov Ovvavras Ou THY Óepuórqra. 
Bpéxovor 96 rapaxppa Tpós THY xpeíav- éàv (9€) uuxpóv mpó- 
Tépov TaXU MyyvuTa kai ovK čari OwAeiv. Üavpaori 9€ xai 
(m) tous’ Gre yap ot Mbor piryvvvras 7) Stad€povrar 1) yúpos 
ovk avinot, ToXAdxis 0€ Kai Ta pev TéTTWKE kai UdypyTaL, rà 
Ò dvo kpepápeva péver avvexópeva. Tjj KodAnoe. Sivarar Se 
kai Upatpoupévn madw Kati Tá)uv orracOa kai yiverOa xpr- 
siun. mep pev ovv Kimpov kai Dowixny eis ravra. padiwra, 
mepi 0€ IraÀ(ay kai eis TOY oivov* kai oi ypadets (eis) Evia TOV 
Kara rjv réxvqv Ere 06 oi yvadets éumárrovres eis Tà iuaria. 
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THEOPHRASTUS ON STONES 
Stadépew 82 Sone kai mpós Tà åmopáypara mo) rüv dÀXav, 
eis ô kai xpávras paddov kai padi’ oi rept rijv ‘Er áða, yuo- 
, ` , t ` , 3 2 ` ^ 4 

Xpornre kai, Aeadryre. 7 pèv Sivayss év rovross Kai rots TOLOŬTOLS. 
1] 9€ dios Cowev duddrepd mos Exew Kai rà rs kovías kai rà 
TNS Ys, Oeppornra kai *yhurxpórqra, uáXXov 06 éxarépav nep- 
éxovoav. ór. 5 Eumvpos kdxeiÜev davepóv. Nn ydp tis vais 
e ` , e , e 3 , # 
iparyyós BpexÜévrov ipariwv ws émvpóbnoav avykarexavOn 
Kai avr). xaiovor 9€ kai év Powixy kai év Xvpíq kapavevovres 

> , ` , , Ld ` , ` 
aùrýv [xai xaíovres]* xaiovor 8€ párra rovs pappápovs kai 
tamdovorépovs, orepewrárovs pèv maparévres (BóXvrov, év- 
exa) Tov Üürrov kaíeaÜa4 kai paddov. dSoxet yàp Üepuóra-rov elva 
mupobey kai mhetorrov Xpóvov Škagévet. 6 omrnoavres Šë Kózroucuv 
QoTep Tiv Koviay. xk rovrov Ó av ober elvai @avepov ór 
Tupaons Tis 1) yeveois abris TÒ Sov éoriv. 
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peradAcvopera/ peraàevopeva B,C. 

a&y/ om. Furlanus; restored by Schneider. 

xpwpacw/ Aldus; xpop«va Q. 

GAAp/ Schneider; xai dAAy fi, Aldus. 

TovTev/ raw AiÜey conj. Wimmer. 

Aéyepey/. Aldus; Aéyopev Q. 

oiv/ Aldus; ay Q. 

cvppojs/ conj.Schneider, Wimmer in text (cf. $50); pogs 0,Aldus. 
ues rwos/. Wimmer; 8. &a rivos 0,Aldus; 8. [Sa] rios Schnei- 


r Wimmer; ywopevys A,C, Aldus. 

as dvwrépe/ Aldus; dvwrépws N. 

xai kar'/ kai om.C. 

ópaAéorepov/ Schneider; kai cpaderrépwy N; xai dpadcorepoy Aldus. 

xaBapwrepoy/ xaDapwrépov Q 

rà karà/ Schneider; re xara 0,Aldus. 

éra ra ye/ Turnebus, Schneider; è ra re f, Aldus. 

Sofas» áy/ Turnebus, Schneider; &y om.0,Aldus. 

éweixep/ Schneider: è avy A,C, Aldus; è 55 B; ¿. & Turnebus. 

éy pniy/ Turnebus, Schneider; pty om.) Aldus. 

zoAAal &edopai/ Turnebus, Schneider; wvoai Suiopo: (2, Aldus; poai 
&ddopa Furlanus. 

abrat re/ Turnebus; arrera: OQ, Aldus. 

ravras/ Turnebus; rais éavrais 0,Aldus. 

ToU Te wowiv/ Turnebus; obre z. 0,Aldus. 

THKTOL yàp/ of piv yàp r. Turnebus, Schneider. 

xavoroi/ oi pèr x. Turnebus. 

éfopoxwoUv[ra.]/ eLopoowra N,Aldus; efopowiv  $aivorra. Turnebus; 
éfopoxoby A€yorra: Furlanus, Wimmer. 

roy xpvaóv xai/ om.Heinsius; restored by Schneider. 

TuTóvroy/ Schneider; rrr OQ, Aldus; ry«r&v Turnebus. 

[r&v] xai/ Schneider; r&v x. A,C, Aldus; xai rev B. 

(3) xarà ras ¿pyaoías/ conj.Schneider,Stephanides; š om.2, Wimmer. 
Possibly ($ r&v). 

dAAa/ Turnebus; àAAa f), Aldus. 

wapa ravras/ Turnebus, Schneider; xarà 7. 0,Aldus; xara ravras idw- 
yras Hill. 

Sagopai/ om.0,Aldus; (Sagopa) Furlanus; xara ravras i&órgras ŝa- 
gopai conj.Lact. 

Be dv rò repirrór/ Q; & rò =. Aldus,Turnebus; &à +ó =. Furlanus, 
Wimmer. 
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9Àov/ óAÀov Q-Aldus. 

GxBoixav/ Aldus; Óqpaixáy Q. 

ivo 4 onB. 

wept Afyvirroy & Oyjfais/ èv Aiyórte wept Gas Hill. 

ddaBacrpirys/ Aldus; Aaffaorpirys A,C; B(corr. dd-). 

Gpows/ povos AC, Aldus; B(corr. ópows). 

wutie/ wérÀe GO, Aldus, sésAe Turnebus; svéAo Laet (conj.Salmasius, 
P.E.848aC). 


xai pédas/ Wimmer; xai om.f), Aldus; cipioxerar xai p. Hill; (ore 8€ 
TiS Kal) p. Schneider. 

ópows/ Schneider; ôpoiws A,C, Aldus; B ópoío, corr. -os. 

wXciovs/ B,Furlanus; rAa . . . A,C, Aldus. 

piv oiv/ ow om.B. 

toros 6Aos/ conj.Schneider, Wimmer in text; rois 0Aow 2, Aldus. 

€&vo/ Aldus; énos 2. 

cràno/ cares C. 

oxedoy (mdyres r&v xara) Aóyov eis rà odpayibia yXvirrüv/. wdyres Tov 
cara om.f), Wimmer; cxeŠov Aóye r&v &r.c.y. Laet (conj.Salma- 
sius, P.E.69aD) and Hill; oxe8óv Goo xaraAÉyovras é.r.c. Tv y. 
conj.Schneider; oyeĝòy sávres of xarà Aóyov é.r.o. yAvirrol conj.Stepha- 
nides. 

adnpe/ (re) odSnpe Schneider. 

er’ ovw/ Schneider; ei roiv Q, Aldus. 

évvrapyovrov/ Schneider; brapxóvrov f), Aldus. 

&' abrovs/ Schneider; &' abrds Q (abòrds A), Aldus. 

pudria/ Turnebus; uia: Q, Aldus. 

peovow ols/ p. avv ols conj.Schneider; possibly evppéovauw ols. 

oi &&/ a & B. 

waytas/ wdyra 0. 

ovres/ Wimmer; ores dAws f), Aldus. 

eipnaÜa./ pioba B. 

G&axySevres/ Scawnfovres B. 

dropayopevor/ Schneider; où uaxopévov f), Aldus; où paxópevor Furlanus. 

Tiv wipwow/ (xarà) t.r. Furlanus. 

[o99]/ Schneider; o8" CQ, Aldus. 

evypacpevor/ Aldus; é£yyopaop£voc Q. 

TÓ Yào/ Aldus; ó ore Q. 


Set / Schneider; dei i 0,Aldus. 

€xay/ Schneider; éya Q, Aldus. 

xarafpexÜévras/ Furlanus; xarappyxÜévras A,C; xar ápyxOcvras B. 
ovrxpacbévras/ ovvexpacbévras B, Aldus, 

&y/ Turnebus; ós 0,Aldus. 
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APPARATUS CRITICUS 


TykToUs/ ruroUs C. 

xatoa/ Hill; Opavca 0,Aldus. 

oUc/ kai ovs Hill. 

dxpis áy/ Turnebus, Schneider; xpeav 0,Aldus (various accents); xpeias 
Furlanus; xpeías dày Hill. 

ócpj/ Turnebus; œs p) fi, Aldus. 

dv &&/ dy Aldus; ôv (82) Furlanus. 

oxivoy/ oxivoy Wimmer. 

éy rois/ rois (avrois) Wimmer. 

otros/ Schneider; rootros CQ, Aldus. 

exgopotra: re/ re om.B; exxwpotra: Laet (also in sec.15). 

xusanpoadys/ B,Turnebus; xwwpocbs A, C, Aldus. 

&c0'/ as ¿@ B. 

xpoóav/ xpeiav B. 

xurrape/ Schneider; xvÜpwoue A,B, xvÜppurue C, xvÜpwo pp Aldus; <xvr- 
rape Furlanus. 

éxeivos pày/ Furlanus; ei pav N. €i pév Aldus; ¿v uy Turnebus. 

Aurapaie/ Aldus; Acrape Q. 

Terpad&:/ Aldus; rerai Q. 

Aurdpav/ Aurdpas B,C. 

KkaÀoupéyn/ xaAovpévos B. 

Té dv Bivas/ Wimmer; rais xivais fl, Aldus; rots év Bivas Turnebus; 
Tais Bivas Furlanus; (rẹ év) rais Bivas Schneider. 

karakavceos/ Turnebus; karaxAigeos 2,Aldus. 

yj/ Turnebus; rh Q, +g Aldus. 

ópvrrou£yov/ Schneider(Syll.); Opvrrouévov Q, Optropévew Aldus, Opvz- 
Touévey Turnebus. 

xpeay/ Aldus; xpóa» Q. 

éxxaiovra:/ éxxaiovre C. 

Acyvorugy/ Furlanus; Avywrumy O,Aldus. 

'HA«a/ Furlanus; ia O, ria Aldus; ju. Turnebus. 

*Odrvpriale/ odpriale B. 

€y Tois XxaxrygovAsgs/ ¢yxarrys tAns (Aldus; év oxaxrpovAns Turne- 
bus; è (rois) o. Furlanus. 

xapópous/ rapopo B. 

éxxaicra:/ Q; xaiera Aldus, Wimmer; perhaps éxaiero. 

rore waverat/ Q; perhaps ror’ éravero. 

dxaDs ov/ Furlanus; d. gv 0,Aldus. 

6dws/ ws ó Turnebus. 

¿po0pov/ épvOpé B. 

MaoccaAias/ MacaXias B. 

agddpa/ cjo$pov Aldus; v. dv Turnebus. 

Kalera, 0€ ó/ Aldus; x. dv0 N. 

yonoadys/ yovwaðys B, yovv Aldus, yoyw5gs Turnebus. 
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xiconps (before xai)/ Schneider; xirnpis Q, xirrypis Aldus; but xio- 
onpis before èx. 
Scfaer/ Turnebus; 8ó£a« 8' 0,Aldus. 


20 ywopéver/ Schneider; yevouévov. Aldus. 


21 


lafipov/ ‘Apapixos Hill (‘Ap.); perhaps &fiópov. 

Ñ xurompoora:/ B,C, Turnebus; $ x. A; 9 xai x. Furlanus, Heinsius, Laet, 
HillSchneider; où «. Aldus Wimmer. 

èv rois/ ey rais (Aldus; & Alty conj.Salmasius (cf.Schneider IV, 
P- 554), & rois (xasopévors) Schneider; perhaps ë rois wupumavoras, 
Or èv rovras, Or È trois Tow To. 

xarà puxpa/ Perhaps xarà juxpàs Or xai juxpas, Coraés,Strabo IV, 
P. 116, on Strabo VII,299 (cf.Schneider,Syll.). 

xeporA»éds/ Turnebus; xaporMorias A,B; yaporAnotias C,Aldus. 

Gwrapyjowrra/ Schneider; drape Bwvra Q, Aldus; drapevra: Turnebus; 
dwapeipevra: Furlanus,Coraés. 

$ dppos/ Schneider; xai $ à. 0,Aldus. 

a3 xai/ Aldus; ad Q. 

3 Gppos. jj 9 ad xai/ xai ¿pupas Hill (conj.Laet). 

súa ply... ¿vua 8 ad èv MÓg/ x. p. ebÜpavaros, èv Aby 82 conj.Schnei- 
der; =. p. oxelóv és dy Nwipy, čna 8 ad è. A. conj.Stephanides. 

érépe/ érépa Aldus. 

pédawa (9) éx roð piaxos/ conj.Stephanides; $ om.0,Wimmer. 

wuaroryn: 82 xai Bapa/ Schneider; =. re x. B. 0,Aldus; wunvds re xai 
Baptia Furlanus. 

avry/ Schneider; abr; 0,Aldus. 

(3) padradys/ š om.0,Wimmer; ddpodys Turnebus; pvdwdys Furlanus; 
j MyAia conj.Schneider; $ pvàwðys conj.Stephanides. For $ pnAwdys 
compare vzoxirpwos, Stephanides (Min.). 

wodvuriporepa/ A.C; rodvripdrepos B; roAvripétrepov Aldus, Wimmer. 

érépas/ éraipas C. 

Turu ... rpxrueráry/ oprt) . . . opyxTuetdary Hill. 

$ ¿x roo/ 4 om.B. 

(9) èx ris Baddoons/ conj.Stephanides; 4 om.0,Wimmer. 

poaxos (before paAdov)/ pros A,B,Aldus; ? puts C. But pianos 
above before roô. 

xoúdms/ Furlanus; copydqs 0,Aldus. 

abrjs/ avroð Aldus. 

ris xusonpisos/ O,Aldus; rs om.Wimmer. 

(Suipopa)/Wimmer; om.0,Aldus; &e$opai Turnebus; xarà ras i&- 
érgras &adopai Hill (conj.Laet). 

ai pèr Trj Qa póvov/ ai pi» Tj Spa (Siadépovaat), Spcvopor (88 pos 
&AMjAas) conj.Schneider (cf.§30). 

jj laoms/ ġ doms Q; taoms Aldus. 

piv ovaa/ pi» oy oca B. 

wayros/ Turnebus; xdyres 0,Aldus. 
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dopotow/ Aldus; S9u$opobew Q. 

BAérav/ Perhaps eb Aézev. 

éketvois/. conj.Schneider, Wimmer in text; . . . vovs A,C, Aldus; opa- 
páyðovs B (apapá- in later hand); vio: Furlanus. 

éxelvots yap $act/ aci yàp Hill. 

komobĝva/ Aldus; xoopnbjva Q. 

óBeMoko/ Aldus; ófeA(okovs O,Schneider, corr. 0eMoxo Syll.; ¿8¿MNo- 
kov Hill. 

opapéySous/ opapdyðov Schneider. 

opapaySous rérrapas/ èk opapaysuv rerrápov Hill. 

piv oóv/ obv om.B. 

ravôv/ Turnebus HillStephanides; . . . avév 0,Aldus; flakrpiavóv 
Furlanus,Heinsius,Schneider, Wimmer. 

KaAovuévoy/ Turnebus; xatopévov A,C,Aldus,B (corr. Ace above line). 

"HpakAéovs/ ipakAéovs A. 

Tis ptais/ vi o. B. 

tőrois/ toro B. 

êv Toîs xaàkopvyetors/ èv rois aðrToîs x. A. 

xaàkopvyciois/ xaAkopuxetows Turnebus; also in §§26,51. 

Tj vjoo/ Anpovnow conj.Salmasius(P.E.505aD). 

XaAxqüów/ Schneider (conj.Salmasius,137bD); xapyy6óv. Q,Aldus. 

iSiwtépovs/ iQwrépow B. 

éroinoev/ Wimmer; sototow CQ, Aldus. 

vapópouu/ Schneider; rapópora Q, Aldus. 

xpvociors/ Aldus; xpvaíow Q. 

wept tovs/ om.B. 

mept ToUs . . . TÓTOvs/ m. T. oTÓ[lovs Turnebus (Xróßovs Schneider); 
mept tovs KaraSovrwv TÓmovs conj.Stephanides (cf.§34). 

Kizpw/ Aldus; Kóðpo Q. 

apyy/ Schneider; apyy ©,Aldus. 

airn/ Laet; abr; OQ, Aldus. 

Avyyodptov/ AvyKodpiov Laet; see also $31. 

EvAov/ dvdAa conj. Wimmer. 

éart 02/. Schneider; ¿re 82 Q; érc Aldus. 

Stapavés/ Schneider; Saday Q, Aldus (-7). 

ofodpa kai/ kai o., corr. o. k. C. 

Vvxpóv/ Schneider; jvxp& O,Aldus; mva Furlanus. 

TÓ rv (four times)/ Schneider; rà róv CO, Aldus. 

Kal Ts TOD cóparos OÀos dúceos, jj TO uiv Égpórepov/ From Q (but 
3 Q, Tó pey om.Q); om.Aldus, Turnebus Schneider;add.Schneider 
(Syll); (xai . . . Enpérepov) Furlanus, Heinsius, Laet. 

€wrepo,/ Evmvpo. A 

oùphoņn/ Turnebus; ebpyoe A,B; evpyon C,Aldus. 

eet S¢/ érevra, Schneider. 

Tò yàp/ Kai yàp Furlanus. 


° 35 ` 


30 


31 


32 


33 


35 


36 


THEOPHRASTUS ON STONES 


Š wepi Acyvarucijv/. © (yiverat) wept (ri) A. Schneider. 

ò wepi/ ro wept Furlanus. 

Acyvorucjv/ Lact; Avyywrrjv f), Aldus, 

Trovre/ Aldus; rovrov Q. 

axodovboin/ áxoAovÜc B,C,Aldus. 

éxi8yAos/ Wimmer; õn 55Aov 0,Aldus; dre 55Aos Heinsius. 

Ñ róv oidnpov dyovoa/ Wimmer; ròv o. dyovor (Aldus; róv c. dyouca 
Heinsius. 

KpucraÀÀos/ xpvaraAos C. 

caXeira:/ Aldus; koi x. Q. 

[xai] dpoe/ Schneider; xai à. OQ, Aldus. 

wadeira: 82/ xai x. 8. B. 

dppyv/ Lact; dppev f1, Aldus. 

05Avs/ Laet; 05Av f) Aldus. 

ô dppyv/ A; ó áppey B,C, Aldus. 

puxrov/ Wimmer; juxri) (o, Aldus. 

oivesór/ oivorór B. 

"Axdrov/ éydrov A. 

dveveyOeions/ Aldus; dvaveyOeions Q. 

orpay/ A,B,Aldus; erppày C; Tipay Turnebus,Laet,Hill; Tvpay conj. 
Laet; o¢vpay Furlanus,Heinsius; "Aorvpa conj.Schneider; ("Aoc- 
Trupa) add.Wimmer; Xrdrepay Highet. 

yAvé6ev/ Turnebus,Schneider; yAvdepov t), Aldus. 

dveréugOn/ ‘Adekdvipe exéudtn Turnebus; åveréupðn ('AXAeÉdy8pe) 
Schneider,Wimmer. 

¿£ "Opxouevoo/ Turnebus; éfepydpnevov A,C,Aldus; B (corr. ópxouévov 
above line). 

naromtpa &è/ xafoi A.C; nao B,Aldus; xdroxrpa Turnebus. 

ön xAepoabécrepos/ Schneider; rò . . . yAwpoadéotepov A,C,Aldus; 
B(corr. Aevxóv after ro in another hand); +ó Aevadrepov xai x. Hill. 

MagoaXMay/ Heinsius; gacaMay 0,Aldus. 
xara Tovs Karadovrous/ Schneider; xai rovs xaradov rórovs 0,Aldus; 
xai tev xatasovxey Turnebus; xai èx tov x. Furlanus. 

Xvjvys/ Turnebus; owm 0,Aldus. 

ye$o/ veo conj.Salmasius (P.E.269aG); y»Bo Hill. 

taoms/ doms B. 

AuBoxóAAgra/ Schneider; JfóxoAAa. f), Aldus. 

týs Baxrpuavas/ Tots Baxtpavois B. 

rovs érnoias/ A,B; rovs érnoious (corr. ? -as) C; rovs om.Aldus, Tur- 
nebus, Wimmer. 

xwovuévgs/ Kevouperns A. 

Sadavys/ ob Sadavys Hill (conj.Salmasius,P.E.784aA). 

rovs soÀvreAds/ O,Aldus,Schneider,Wimmer(T); rots om.Wimmer 
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(rv. ¿Adrrove" péyeÜos è WMxos ixÜvos ódÜaAuós ebpeyéns)/ om.Q, 
Aldus; add.Schneider from Athenaeus (3,93) with #Aixos for ġAixov. 

ravras/ Schneider; abrais CQ, Aldus. 

ó éMéeas/ Schneider; 6 re dAddas A.C; B (corr. from ¿Xd$opas); 6 re 
éAéjas Aldus. 

Gpuxtos/ Turnebus; dpexros f), Aldus. 

xai Àeux@/ om.Aldus,Turnebus; (xai Aexo) Furlanus; restored by 
Schneider. 

mpagitts .. . alpariris/ mpagins . . . aipariris Wimmer; spaaírys Hill. 

xai xarà/ Schneider; $ xarà f), Aldus. 

aÀÀm &è $/ a. 5 $ A; a. 553 C, Aldus; d. & B. 

xadovpern Šav@n/ Hill,Schneider; arð} om.0,Aldus. 

ov Cav05/ avô om.Hill. 

paddov 9/ Schneider; $ uaAAov D, Aldus. 

Awpeis/ Schneider; 8opeis CQ, Aldus. 

&ovpdAuov/ xovpaJJuov Hill. 

ws pifa/ Wimmer; ws åy p. A,B,Aldus; C(&cà»). 

peraAAevou£vov/  ueraAcvou£voy. C. 

€vuai/. éna D, Aldus; ào, Turnebus. 

Bapos && &yovov/ B. 8. éxovea Schneider. 

+ó ôè GAow/ Schneider; & om.0,Aldus; rò óAoy 8 Heinsius. 
rà 82 otov / Furlanus; rò 8¿ olov AC, Aldus; ro #' à» B. 

gavbapaxn/ carŠpdx" C. 

aodnpios ' aodnpas B. 

vpurroi/ dAAot rporo: Heinsius. 

wpurroi yáp/ oi piv yàp r. Schneider. 

payviy./ payryrys B. 

Oya Tepirróv/ Tj ója ro x. Schneider. 

Js ye . . . ovens ovyycvois/ conj.Schneider,Wimmer in text; ds ye 

. ovgay ovyyery Q.Aldus. 

ópvkrós/ Turnebus; ópexrós £2, Aldus. 

&s/ os Heinsius. 

Bwrwbys/ Schneider; fóAacos 0,Aldus; BoAwSys Furlanus. 

óray &è/ 8 om. Aldus; (&) Furlanus. 

xai dxoBagy/ om.Aldus; (xai 4.) Furlanus. 

T9 éÀaío/ OQ, Aldus; [re] 4. Wimmer. 

oi uv (obv)/ Schneider; oóv om.0,Aldus. 

mpoodéxovta/ twodéxovra: Heinsius. 

owWnpos 8° ov Svvayra:/ aiónpos & où Sivara: Hill. 

oí &/ ovde B. 

ápBAvrépo/ Turnebus,Schneider; dp . . . OQ, Aldus; áuAéox Furlanus. 

&* xal cow/ & x. e., Gore Hill; 8é* xai eigiy oi rovotrox oxAnporepor 
conj.Stephanides. 

(After these words the rest is missing in B, and part of the Hepi ióporov 

follows. The next line is: . . . mapa. de re ovvexés dy Kai py woAA&v 
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vrev. wapa seems to be the beginning of rapazAgotes in the 

Ilep Xa.) 

Kdrw/ drowov conj. Wimmer (cf. drowoy 8? xdxeivo, $44). 

KdTw Tù .. . p? répverba . . ./ xarà rò py r. Furlanus; xáro* rà 82 
ay T. Turnebus; droroy ró Aws pij répvesða: AiBov conj.Stephanides. 

obnpy/ Aldus (c59gpo) ; . . . po 2. 

¿re . . ./ Q: bre Aldus Wimmer. 

cTepe)v ¿re/ orepewrepa xai Turnebus, Stephanides. 

xai oi8pos/ xal om.Turnebus. 

AíBov/ Turnebus; Aifow 2,Aldus. 

e yAvgovn/ Turnebus; ré y. 2,Aldus. 

3 (épicry)/ Schneider; $š 0,Aldus. 

rj» abryv/ Schneider; riw rowtrqy 0,Aldus. 

éxar rà svpi Bvvajur/ Aldus; Svvamuy è. 7. z. Q. 

éxeivo/ Aldus; ¿xei Q. 

re rà/ Aldus (rë); rò rà Q. 

dAAowovv/ Turnebus, Schneider; ¿&o% 0; ioóv Eichholz. 

xa&rdyaAxov xpvoðr/ Schneider; xaJxóv xarà ypvaórv A,Aldus; xaAxóv 
xaraxpucóv C; xaAxóv kardypvcor Turnebus. 

xpbj/ Turnebus; xgioyy 0,Aldus. 

&oAAvBos/ Schneider; kxóuuflov A; xdAvpBov C, Aldus; xóAAvuBos Tur- 
nebus; xóoAvBor Furlanus. 

jpefoAos/ Schneider; udov óoAoóv Q; Aldus (9B-); %uoBóMov 
ófloAóv Turnebus; j,uóBoAos Furlanus. 

waca (y rj woran@/ è. T. x. râga, corr. above line A. 

rà dye/ rà dre (rà) Schneider. 

&& &or/ Wimmer; &ov: õn 0,Aldus; &éov, ór. Turnebus; &, on 
Schneider (Syll) from Coraes. 

Soxpád(e yxeipor/ Turnebus,Schneider; rot Sompáfay x. Q.Aldus; rò 
Som pátar x. Furlanus. 

vroAapfldvovow/ Schneider; vroAapBdva ws f, Aldus; vroAapBavovow, 
es Turnebus. 

vt ToU Bovs/ Schneider (Syll) from Coraes; ró rod d&ovs f), Aldus. 

eigiy/ Schneider; ocxe8óv ciow QL Aldus. 

padarresOa/ "Turnebus, Schneider; àAAowvvofa. 0,Aldus. 

Tois xvrois Kai ópuxTois/ Ópo(os Tois ÓpuKrois Kai xvrois conj.Schneider. 

AMÜOovc/ xAivÜovs Furlanus. 

souiAac/ souuuas Turnebus, Schneider. 

ownbepévas . . ./ ras o. f), Aldus; ras avvÓécas Turnebus; ovvféces 
Schneider; ovyrBepévas éx ris *Acias dyovow conj.Stephanides (cf. 
$61). 

dwdcas yàp/ yàp om.Turnebus, Schneider. 

veXiriBos/ Hill; $eA(8os OQ, Aldus. 

es Twec/ ob rwes A. 

suxveca/ svpeca Hill. 
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xarnq/ xm Hill (conj.Laet). 

ré týxeoĝaı/ "Turnebus, Schneider; +ó +. 0,Aldus. 

éxa/ C,Turncbus; éyev A,Aldus. 

dn/ Turnebus; 5 A, 4 C, g Aldus. 

tev rorev/ Wimmer; rov; rovrov 0,Aldus; rovs r@v rówoev conj. 
Schneider. 

(iav) rw'/ Schneider; rw’ Q, Aldus. 

€xover/ Turnebus,Schneider; &yovsca: fà, Aldus. 

ToUs T&v $jvrev/ ras r. $. Furlanus,Schneider. 

(ab)ras/ Wimmer; ras Q,Aldus; rois Furlanus; abras Schneider. 

SiapOpyoae/ SapBpyoas Aldus; SvapOunoee Furlanus. 

dpyvpaas/ ápyvptow A. 

Te xai/ re om.Aldus; (re) xai Furlanus. 

éna/ ma A. 

$acw/ Heinsius; $arraciay 0,Aldus. 

ypadeis/ Furlanus; Ba$oi« A; Badeis C,Aldus. 

dpperxot/ Aldus; éppenxoó Q. 

àAAà/ Furlanus; ràAAa A; rà dAàa C; ràAAa Aldus. 

peraAAcbov/. Turnebus,Schneider; uerdAAo« f), Aldus. 

Soxei/ Turnebus; rowei Q.Aldus. 

epáa/ Schneider; opia OQ, Aldus. 

Anpvia/ Heinsius (A.): Aya Qj Aldus. 

kai 3v/ Furlanus; xa; om.2,Aldus. 

xao Xaverrucjv/ Schneider; kaAobow anrrucjy 0,Aldus; x. evvenruc]v 
Turnebus; x. Zwwruny Furlanus. 

re pexpe/ OQ, Aldus; r5 Anpry Hill, conj.Furlanus. 

peraAAeverai/. peradevera C. 

yévn/ yem, A. 

peyviovor/ Turnebus; uco. t), Aldus. 

82 xai éx/ Schneider; r’ ix 0,Aldus; &è ¿x Furlanus. 

expas/ Aldus; xepas Q. 

wavéoxeiov/ Furlanus; wavreA(ov Q.Aldus; ravrorwàíov Turnebus. 

xawüs/ Turnebus, Schneider; xeàs Q. 

sjÀe/ Turnebus; rodty (0(? A), Aldus. 

éxreot/ Aldus; érreca: Q. 

yovopeva:/ Schneider; ywópeva: 1, Aldus. 

paprvpei Š / Schneider; p. 8' dv Q, Aldus. 

avrj/ Schneider; abro OQ, Aldus. 

8ófac yàp áy/ Turnebus, Schneider; 8. $. ro 0,Aldus. 

peraBareiv/ Schneider; peraBaddrAav CQ, Aldus. 

azep/ ? Trep C. 

Tf $vow]/ r. $. (yevéoa) Schneider. 

xvróv/ reyvgróv Furlanus. 

$ópoy/ Turnebus; $ópov 0,Aldus. 

Tov uiv Kúayoy/ TÓv SxvGqv x. Eichholz. 
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Aevkórarov/ Turnebus; Xemrórarov Q,Wimmer. 

tay raxvrarwy/ 0,Aldus; róy om.Turnebus Wimmer. 

VuiÜwv/ Heinsius; yðr 2,Aldus; also in $56. 

podrAvBSos/ Wimmer; uóA8os 2,Aldus. 

3Auxoy xAivÜos (after wiBos)/ Schneider; jAixov wÀ90os (after máxos) 
f) Aldus, 

xaJww/ Aldus, Turnebus; rdv rióéaot kai sáu Q. 

admPotow/ Schneider; ddiBoiaw N; $$0ovow Aldus. 

tpvyos/ Heinsius; rpeyos f), Aldus. 

éxtywopevor/ C, Hill; écyevóopeyov. A, Aldus. 

atte Wimmer; obre Aldus. 

yàp ò ios/ Wimmer; ri&épevos (2, Aldus. 

abre" émaivera yàp ò iós/ om.Schneider; otro 5? ¿mubalveraz ò ids 
TÜeuévov (after rierai) Schneider (Syll.). 

¿pyaotay/ Aldus; épyacias Q. 

(emi) xpnprev/ Schneider; xpsuvev C2, Aldus. 

ò xarafjáAAovov/. Aldus, Turnebus; ôv x. Q. 

porov. €or. 5° Schneider; p. 8' doriy f, Aldus. 

Aausvpitovear/. Aldus; AausvpiQovoi Q. 

[pexpov ey kaAois]/ Schneider; p. ¿ x. Aldus. A repetition of è 
xaÀxoi, conj.Wimmer; ¿à áypois Kuffuavois (after ixtp "Edécov 
puxpoy above), conj.Schneider. 

oi m yap ^ov pév kai Aldus. 

(te) ¿raro ' Schneider; érávo OQ, Aldus. 

xivvüflap (after káro)/ xwáfjlags A. 

éxa/ €xo A. 

éveryxovta/ evvernxorta C. 

pupeiras/ (rà p£v) upeita: Schneider. 

rà 8° (&a/ rà &i (xai) i. Schneider. 

aàras/ dAcreis Furlanus; perhaps adidas (Suppl.Epigr.Gr.I1I,147) or 
GAoupds ; xaAxopuyeis (sc. MÜovs) conj.Stephanides (cf.$49). 

xpea/ Furlanus; xpóa f), Aldus. 

Tò (xuyya Bapa) rpe$09/ Schneider; r: . . . 79607 Q, Aldus; re (xivvd Bap) 
tpp Furlanus. 

Soidvair/ Svévne A. 

yesbaréow/ 0,Aldus,Schneider; yewfaveor Wimmer. 

[mepi] &v/ Schneider; rep dv A (? repi), C, Aldus. 

txoxapévew . . ./ v. xat Turnebus (also conj.Schneider); $. re xai Laet. 

. . . ovvrov/ sowvvrov Turnebus; 6w0oivrev conj.Schneider. 

padarrovres/ Schneider; ueAavróvres Q, Aldus. 

ravras/ eis ravras Lact. 

Myuàs/ Laet (p.); us 0,Aldus; uvuàs Turnebus; MyAia Heinsius. 

Tuppaixy/ Turnebus (z.); orvppaïrņ 0,Aldus. 

rerápry/ Hill; xa +. 0,Aldus. 

wapa ravras/ Turnebus; repi r. 0, Aldus. 
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$ yoyos/ Hill; š y. OQ, Aldus. 

Myud&/ Laet (n); ua &à Q; prria &à Aldus; pvàig 8a Turnebus; 
pia Sy Furlanus; Mya & Heinsius. 

Tj Xapig/ Turnebus (¢.); ris aç 2, Aldus. 

npenov/ ápaióv Turnebus; &paióv zpeuov Furlanus. 

Kai . . . Ses/ xai tpayodes Turnebus, Furlanus. 

dduwés/ ¿Aurès C. 

Myuàs/ Lact (p.); uàs 0,Aldus; pvas Turnebus. 

Te dapik/ re dapd’ (no accent) Q; ro dpi Aldus; éy re dapi 
Heinsius, & r$ ya$ap$ or ovv rj Yadapornr: conj.Schneider. Possibly 


pov. 
«igi 5¢/ Laet, Schneider; ¿ore kai N; eioi kai. Aldus. 
orqva/ Schneider; ornoa: f), Aldus. 
TÓ piv/ Aldus; Ta piv n. 
qAixn/ Furlanus; jui» f), Aldus. 
Sixovs/ Turnebus; &z=zÀoSs 0,Aldus. 
xepu yovow ^ Furlanus; repifovow 0,Aldus. 
&aoviv/ Furlanus; &e$car OQ, Aldus; perhaps d&aguyy (5). 
BeAriov/ Furlanus; BéArvov f), Aldus. 
abrjs/ Furlanus; aù) A; abr; C; aùr Aldus; om.Laet. 
dym/ Turnebus; . . . raxpy t2, Aldus. 
rerrdpay . . . ¿oru / Schneider; rerrápov ¿oru f1,Aldus. 
¿oru 5) écxaty/ doriw, 9 è Turnebus; éoriv. 5j €. Furlanus; ¿oriy &yovaa. 
7 è Laet. 
páurra ĝ/ paddor’ 9 A, paor 9 C. 
pára . . . ipárua/ Bracketed by Furlanus. 
$ povov/ Kıpwàia Hill. 
xperrat è xai yx. à N,Aldus; x. 8¿ (xai) Schneider. 
Tvpdaixg/ Turnebus (r.); regus (1: redux Aldus. 
TOv “A@wy/ Schneider; @edrov N,Aldus; re “A@wy Turnebus; Teudatay 
Heinsius. 
xai rovs/ Turnebus; 8 xai rovs 0,Aldus. 
Yúyos/ yüjos A. 
Tupdatay/ Furlanus; rvuóeróv N; ripderac Aldus; rippas re Turnebus. 
Heppa:Biay/ Schneider; repeBiay Q; wepa:Biavy Aldus. 
avrys/ Schneider; atrav 0,Aldus. 
dAafaorpirp/ Aldus; ddaBdorpirns Q. 
xaAixwdns/ Furlanus; yaàxwðys 0,Aldus; rAaxedys Turnebus. 
Bpex69/ Turnebus; épex05 Q,Aldus; épey05 Furlanus. 
TOv AiGov/ rovrov T. A. O,Aldus; [rotrov] 7. A. Schneider. 
weptxcovres/ Schneider; zepéxovres 2, Aldus. 
Tow vTo/ Q,Aldus; rowtrov Schneider, Wimmer. 
éày (82)/ Schneider; ¿àv Q,Aldus. 
8&«Ady/ Schneider; 8«A0&y 0,Aldus. 
Oavpaory 9€ xai (9) ioxós/ Schneider (Syll); Bapa éori 8 xai ios 
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Q; bañua. rri 8. x. i. Aldus, Turnebus (Zor); dpa. gore 8. x. i. Fur- 
Janus: Üavpacía 8. x. (9) i. Schneider. 
Ore t pl 0,Schneider (Syll.); óre re Aldus; dre Turnebus; ore Schnei- 


a Toiyo Furlanus. 

4 Siadépovra:/ Schneider (Syll.); xa; &udépovra: 0,Aldus,Turnebus, 
Schneider; kai &adÓdpovra: Furlanus. 

3 yopos otx/ ġ 82 y. obx Schneider (Syll.); 4 52... wos Q (0... pos A), 
Aldus,Schneider; $ espòs Turnebus; 4 5¢ danos Furlanus. 

péva ovveyopeva/ Schneider (Syll.); xai cuvexóneva 2,Aldus. 

Gre yàp . . . xodAAnoa/ Gre oi Abot pryvevra Ñ Siadépovrat, $ Se yúyos 
ova ånna’ wodAdas 8% kai rà py wéetwxe kal vjgpyra, rà 8 dvo 
Kpepapera péra ouvexopeva T koAÀsjoe. Coraes, quoted by Schneider 
(Syll.). 

tpaipovpérn/ Furlanus; b$azponén i, Aldus. 

«ai widty/ Turnebus; kai wa . . . 0,Aldus. 

piXugra/ pdduora (xpevra) Schneider. 

tòr olvor/ Turnebus, Schneider; róv oixeioy N,Aldus; rv xoviaow Hill 
(conj.Salmasius; cf. Schneider IV, p. 592). 

(eis) &na/ Wimmer(D); na 0,Aldus; (xpos) čna Schneider, Wimmer 
(T) 


yrageis/ Wimmer; xvadeis 0,Aldus. 
ra dropdypata/ 0,Aldus; rà om.Schneider, Wimmer. 
wai pdJucO'/ 9 p Q. 


yexpórgr/ Turnebus; . . . xpórgr: A, Aldus; óxpórmr C; (8 Tv) 
yMûoxpóryra Schneider. 

Aeórgr/ Aaórgra Schneider. 

9 pay Sóvajus/ ġ uiv (oiv) 8. Schneider. 

rois towvros/ Aldus; rovovros Schneider, Wimmer. 

ra THs Kovias/ Schneider; xarà ris x. f), Aldus; xarà rà ris x. Laet. 

ra tas yas/ A, Aldus; xarà ris y. C; xarà rà rips y. Laet. 

éxatépay Ureptyovoay/ Schneider; éxarépas trepexovoas 0,Aldus. 

After brepéyovoar/ Ocpporépa yàp ris xovias, yMoxporépa 9€ moÀ9 Tis 
ys add.0,Aldus; om.Schneider, Wimmer. 

épavpos/ Aldus; čprapos Q. 

iparryos/ Turnebus; iparcyós f), Aldus. 

avry/ Laet; airy t), Aldus. 

[xai xaíoyres]/ Schneider; xal xaiovres (2, Aldus. 

xai árAovorépovs, crepewrárovs piv waparevres/ xai dwhas ToUs crepe- 
erárovs, raparévres conj.Schneider. 

(BoAcrov, évexa) Toô/ Schneider; .. . rà rod Q,Aldus, évexa roð Turnebus, 
Eichholz; &à +ó Furlanus. 

piv rapariÜévres/. BóMrovy x. Eichholz. 

rovrov/ Aldus; rovrey Q. : 

ón/ Furlanus; én rò 0,Aldus. 

abrjs/ Schneider; aùr} 0,Aldus. 


° 42 ° 


TRANSLATION 


TRANSLATION 
ON STONES 


Of the substances formed in the ground, some are made of 
water and some of earth. The metals obtained by mining, such as 
silver, gold, and so on, come from water; from earth come stones, 
including the more precious kinds, and also the types of earth 
that are unusual because of their color, smoothness, density, or any 
other quality. As the metals have been discussed in another place, 
let us now speak about the stones. 

In general we must consider that all of them are formed from 
some pure and homogeneous matter as a result of a conflux or 
percolation, or because the matter has been separated in some other 
way, as has been explained above. For perhaps some are produced 
in one of these ways, and some in the other way, and others in a 
different manner. Hence they gain their smoothness, density, 
brightness, transparency, and other such qualities, and the more 
uniform and pure each of them is, the more do these qualities 
appear. In general, the qualities are produced according to the ac- 
curacy with which the stones are formed and solidified. 

Some things are solidified through heat, others through cold. 
And probably there is nothing to prevent some kinds of stones 
being formed by either of these two methods, although it would 
seem that all the types of earth are produced by fire, since things 
become solid or melt as a result of opposite forces. There are more 
peculiarities in stones; for most of the differences in the types of 
earth concern color, tenacity, smoothness, density, and so on, but 
in other respects the differences are rare. 

Stones, however, have these differences and in addition there 
are others that depend on their power of acting on other sub- 
stances, or of being subject or not subject to such action. For some 
can be melted and others cannot, some can be burnt and others 
cannot, and there are other differences of this kind. And some 
show a number of differences in the actual process of being set 
on fire and burnt, and some, like the smaragdos, can make the 

1 A green stone, mentioned again in secs. 8, 23, 24, 25, 26, 27, 35. The usual Eng- 


lish translation is "emerald," but this is not the exact meaning of the word. For the 
identification of this stone, see Commentary, secs. 23 and 24. 
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color of water the same as their own, whereas others can turn 
what is placed on them entirely into stone; some have the power 
of attraction and others can test gold and silver, such as the stone 
called the Heraclean and the one called the Lydian. 

But the greatest and most wonderful power, if this is true, is 
that of stones which give birth to young. But the power of those 
used in manual work is better known and is found in more 
varieties. For some can be carved, or turned on a lathe, or sawn; 
there are some on which an iron tool cannot operate at all, and 
others on which it works badly and with difficulty. And there 
are several other differences in addition to these. 

The differences that are due to color, hardness, softness, 
smoothness, and other such qualities, through which stones gain 
their special excellence,” are found in many varieties, and in some 
they occur in the whole of a district. And among such stones 
there are the Parian, the Pentelic, the Chian, and the Theban, and 
these stone quarries have become widely known. There is also the 
alabastrites, found at Thebes in Egypt—this, too, can be worked in 
large blocks—and the stone resembling ivory which is called cher- 
mites ;* and they say that Darius was buried in a sarcophagus of this 
material. And there is the (variety of) poros,’ which is like Parian 
marble in color and density, but has only the lightness of (ordinary) 
poros; for this reason the Egyptians use it as a frieze in their elabo- 
rate buildings. And a dark stone is also found in the same place, 
which is translucent like the Chian stone, and there are several 
other kinds in other places. Such differences are common to many 
stones, as we have already said, but those that are due to the 
powers mentioned above are not found now in whole districts 
or in continuous or large masses of stone. 

Some stones are quite rare and small, such as the smaragdos, 
the sardion,® the anthrax, and the sappheiros,° and almost all those 

2 See Commentary. 5 [n all probability, onyx marble. 


4 Apparently a variety of onyx marble. 
5 This could be travertine, but here it is probably a special kind of poros found in 


6 A red stone mentioned again in sec. 23 and described briefly in sec. 30. See Com- 
mentary, sec. 30, for its identification. 

T Another red stone which is described in secs. 18 and 19. See Commentary, secs. 
18 and 19. 3 

8 A blue stone which is described briefly in secs. 23 and 37. For its identification, sce 
Commentary, sec. 37. 46 
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that can reasonably be cut and used as seals.’ And some are dis- 
covered in other stones when these are cut up. There are a few 
which can be set on fire and burnt, and perhaps we should first 
explain the nature and extent of their differences. 

Some of them melt and become fluid when subjected to fire, 
such as those which come from mines. For when silver, copper, 
and iron become fluid, so does their stony matrix, either because 
of the moisture in the matter it contains or because of the nature 
of such stones. In this way, too, fire-resisting stones and millstones 
become fluid along with the material placed on them by those 
who are burning it. And some go so far as to say that all of them 
melt except marble and that this burns up and lime is formed 
from it. 

But it would seem that it is going too far to say this; for there 
are many which break and fly into pieces as if they are fighting 
against being burnt, like pottery, for example. And this is natural 
since they have lost their moisture; for whatever can be melted 
must be moist and have a good deal of humidity. 

And they say that some stones that are exposed to the sun be- 
come completely dry, so that they are useless unless they are soaked 
and wetted again, and others become softer and are more easily 
broken. It is clear that both kinds are robbed of their moisture by 
the sun, but it happens that stones of solid texture become hard 
when they are dry, whereas those that are loose in texture, and 
those whose formation is of this kind, are easily broken and 
melted. 

Some of those that can be broken are like hot coals when they 
burn, and remain like this for some time, such as those found in 
the mine at Binai' which are brought down by the river; for 
when they are covered with charcoal they burn as long as air is 
blown onto them, then they die down and afterwards can be 
kindled again, so that they can be used for a long time, but their 
odor is very harsh and disagrecable. 

There is a stone called spznos," which was found in mines. If 
this is cut up and the pieces are piled in a heap, it burns when 

® The emendation (sárres rà» xarà) has been added to the text. 


10 The text uses the plural form (Binai), but the place was usually known as Bina. 
11 Probably some sort of asphaltic bitumen. 


. 47 ° 


10 


11 


12 


14 


16 


17 


18 


THEOPHRASTUS ON STONES 


exposed to the sun, and it does this all the more if it is moistened 
and sprinkled with water. 

But the Liparean stone” is made porous when it is burnt, and 
becomes like pumice, so that both its color and density are altered; 
for before it has been burnt it is black, smooth, and compact. 
This stone is found in pumice, appearing separately in various 
places and not continuously, as if it were in a cell of a honeycomb. 
In the same way it is said that in Melos pumice is found in another 
kind of stone, and so the Liparean stone corresponds to this in 
the opposite way, as it were, except that this stone is not the same 
as the Liparean stone. 

The stone which is found at Tetras in Sicily also becomes porous, 
This place is in the neighborhood of Lipara, and the stone is plen- 
tiful in the promontory called Erineas. Like the stone found at 
Binai, it releases a bituminous odor when it is burnt, and what 
remains after the burning is similar to burnt earth. 

Among the substances that are dug up because they are useful, 
those known simply as coals are made of earth, and they are set 
on fire and burnt like charcoal. They are found in Liguria, where 
amber also occurs, and in Elis as one goes by the mountain road 
to Olympia; and they are actually used by workers in metals. 

In the mines at Scapte Hyle a stone was once found which was 
like rotten wood in appearance. Whenever oil was poured on it, it 
burnt, but when the oil had been used up, the stone stopped burn- 
ing, as if it were itself unaffected. These are roughly the differences 
in the stones that burn. 

But there is another kind of stone which seems to be of an 
exactly opposite nature, since it cannot be burnt. It is called an- 
£hrax, and seals are cut from it; it is red in color, and when it is 
held towards the sun it has the color of a burning coal. One 
might say that it has great value; for a very small one costs 
forty pieces of gold. It is brought from Carthage and Massalia. 

The stone found near Miletus does not burn; it is angular and 


. there are hexagonal shapes on it. It is also called anthrax, and this 


is remarkable, for in a way the nature of adamas" is similar. 
This power of resisting fire does not seem to be due to the 


1? Obsidian. ` 
13 Probably corundum. See Commentary, secs. 19 and 44. 
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absence of moisture, as is true of pumice and ashes. For these 
cannot be set on fire and burnt, because the moisture has been 
removed, and some think that pumice is formed entirely as a re- 
sult of burning, with the exception of the kind that is produced 
from the foam of the sea. Their belief is due to observation and is 
based on what is produced in craters of volcanoes and also on 
the porous stone'* which changes" to pumice when it is fired. 
And the places where it is produced seem to prove this, for pumice 
is found especially in places that . . . .'* 

But perhaps one kind is made in this way, and others in another 
way, and there are many methods of producing it; for the pumice 
found in Nisyros seems to consist of a kind of sand. And it is 
regarded as proof of this that some of the stones which are found 
break into pieces in one's hands and crumble into sand, as it were, 
because they have not yet become compact and solid. People find 
them in groups but in small amounts," mostly about a handful 
in size or a little larger, whenever they scrape off the surface 
covering them. And the sand is very light. The kind found in 
Melos is all . . . .'* but some are produced in a stone of a dif- 
ferent sort, as has been mentioned before. 

They differ from one another in color, density, and weight. 
They differ in color because the kind that comes from the lava 
stream in Sicily is black, and this stone and the malodes'* differ 
in density and weight; for a pumice of this kind, having both 
weight and density, is also produced, and this is more valuable 
than the other in its practical use. The one that comes from the 
lava stream can cut better than the white kind, which is light in 
weight, but the kind that comes from the sea itself cuts best of all. 
So much for pumice. But we must consider elsewhere the causes 

14 diaberos, perhaps diaboros. 

15 The Aldine text has oò (ie., "which does not change"). Wimmer accepts this, 
but $ is found in the manuscripts (i.e, "which changes"). 

16 The emendation ca:ogévors would mean “places that are burning"; svpexabo rois 
would mean “places that have been subjected to burning.” 

17 card uikpá is used sometimes by Aristotle in this sense. C£. Meteorologica, 370B, 5. 

18 The emendation exebór és év Nwópe would mean “almost like the kind in 
Nisyros,” but e€@pavorros, é» AM0u 3é . . . would mean “easily broken, but is produced 
in a stone." š 


19 Malodes is unknown; mélodes would suggest a pale-yellow stone, and mylodes 
would be a millstone. 
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of the difference between stones that either burn or do not burn, 
from which we moved into this discussion. 

There are also other stones from which seals are cut that are 
(remarkable), some of them only for their appearance," such as 
the sardion, the iaspis," and the sappheiros, and the last of these 
seems to be spotted with gold. But the smaragdos also has certain 
powers, for it makes the color of water just like its own, as we 
have said before; a stone of moderate size affects a small amount 
of the water in which it is placed, the largest kind the whole of 
the water, and the worst kind only the part close to it. It is also 
good for the eyes, and for this reason people carry seals made of 
it, so as to see better.” But it is rare and of small size, unless we 
are to believe the records about the Egyptian kings; for it is said 
that among the gifts from the king of the Babylonians a smarag- 
dos was once sent to them which was six feet” in length and four 
and a half in width, and that four such stones are deposited as 
an offering in the obelisk of Zeus. These were sixty feet long, and 
their width was six feet at one end and three at the other. But 
these statements depend entirely on their writings. 

The largest of the stones which many call sanos** is the one at 
Tyre. For there is a large slab in the temple of Herakles, unless 
this is a false smaragdos, for a species of that kind does exist. The 
stone occurs in places that are well known and easy to reach, 
especially in two of them, the copper mines of Cyprus and the 
island lying off Chalcedon. In the latter, exceptional stones are 
found. This kind is obtained by mining, like the others, and na- 
ture has produced it separately in many veins in Cyprus. 

They are not often found large enough for a seal, but most of 
them are smaller in size; for this reason the stone is used for 
soldering gold, since it solders like chrysokolla.* And some peo- 
ple even suppose that its nature is the same, for they both happen 

20 Schneider thinks that something is missing here; the meaning should be “some 
of them differ in their appearance but have the same name.” Cf. sec. 30. 

21 Not our modern jasper. For its identification, see Commentary, sec. 27. 

22 Perhaps e$ Pdérew (“to see well,” “to improve their sight"). 

23 A cubit was about one and a half feet; thus four cubits means six fect. 

24 For a possible identification, sec Commentary. Wimmer reads Baxrparéy (“Bac- 
trian stones”) instead of ravi. 

25 A name applied to certain green copper minerals. It probably included malachite 
as well as the modern chrysocolla. 
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to be similar in color. But chrysokolla is found in large quantities in 
gold mines and even more in copper mines, as in the ones near 
the . . . districts. 

But smaragdos is rare, as we have mentioned, for it seems to 
be formed from raspis. It is said that a stone was once found in 
Cyprus half of which was smaragdos and half jaspis, as if it had 
not yet been entirely changed from the watery state. It takes some 
work to make it shine. for in its natural condition it is not bright. 

It is remarkable in its powers, and so is the lyngourion;** for 
seals are cut from this too, and it is very hard, like real stone. It 
has the power of attraction, just as amber has, and some say that 
it not only attracts straws and bits of wood, but also copper and 
iron, if the pieces are thin, as Diokles used to explain. It is cold 
and very transparent, and it is better when it comes from wild 
animals rather than tame ones and from males rather than females; 
for there is a difference in their food, in the exercise they take 
or fail to take, and in general in the nature of their bodies, so 
that one is drier and the other more moist. Those who are ex- 
perienced find the stone by digging it up; for when the animal 
makes water, it conceals this by heaping earth on top. This stone 
needs working even more than the other kind. 

And since amber is also a stone—for the kind that is dug up 
is found in Liguria—the power of attraction would belong to this 
too. The stone that attracts iron is the most remarkable and con- 
spicuous example. This also is rare and occurs in few places. This 
stone too should be listed as having a similar power. 

There are several other stones from which seals are cut, such 
as the Ayaloeides," which reflects images and is also transparent, 
and the anthrakion™ and the omphax."* There is also rock crystal, 
and the amethyst, and both of them are transparent; and these 
two and the sardion are found when certain rocks are cut through. 
And there are others, as has been mentioned before, which differ 
from one another, though they have the same name. For one type 

26 [ ynx-urine stone. Probably a variety of amber. 

27 Glasslike stone. Its identification is uncertain, but some possibilities are discussed 
in the Commentary. 

28 Mentioned again in sec. 33. For possible identification, see Commentary, sec. 33. 


29 Apparently a green stone of some sort. The problem of its identification is dis- 
cussed in the Commentary. 
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of sardion, which is translucent and of a redder color, is called 
the female, and the other, which is translucent and darker, is called 
the male. And it is the same with the varieties of the /yngourion, 
for the female is more transparent and yellow than the other. Also, 
one kind of kyanos'" is called male and the other female, and the 
male is the darker of the two. The onychion" is mixed in color, 
with white and dark alternating; the amethyst is wine-colored. 
The achates* is also a beautiful stone; it comes from the river 
Achates in Sicily and is sold at a high price. 

In the gold mines at Lampsakos a wonderful stone was once 
found, from which a seal was cut after it had been taken up to 
Astyra," and this was then sent to the King because of its unusual 
nature. 

These stones are rare as well as beautiful, but those that come 
from Greece are of less value, such as the anthrakion from Orchom- 
enos in Arcadia. This is darker than the stone from Chios, and 
mirrors are made from it. There is also the stone from Troezen, 
and this is variegated with purple and white. The Corinthian stone 
is also variegated with the same colors, except that it is paler. 

In general there are many stones of this kind, but the remarkable 
ones are rare and come from a few places only, such as Carthage, 
the country around Massalia, Egypt near the First Cataract, Syene 
near the city of Elephantine, and the region called Psepho." In 
addition, the smaragdos and the ;aspis are found in Cyprus. 

The stones which are used for mosaics come from Bactriana 
near the desert. They are collected by horsemen who go out at 
the time of the etesian winds; for they are visible then, since the 
violence of the winds disturbs the sand. But they are small in size 
and not large. 

Among choice stones there is also the one called the pearl; this 
is translucent by nature, and valuable necklaces are made from it. 
It is produced in an oyster, which is similar to the pinna [except 

30 A variety of lapis lazuli. This same word also denoted certain blue pigments. Sce 
Commentary, secs. 31 and 55. 

31 A broader term than onyx. Sec Commentary. 

82 A name given to certain variegated stones, including some varieties of agate. 

33 This translates “Aorvpa instead of oripds. If Pliny is right, the king was Alexander 


the Great. 
34 Possibly Psebo. 
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that it is smaller. In size the pearl is as big as a large fisheye]," 
and it is produced in India and certain islands in the Red Sea." 
These are approximately the stones that are of unusual excellence. 

But there are some others, such as the fossil ivory which is 
variegated with white and dark markings. And there is also the 
stone called sappheiros, which is dark and not very different from 
the male kyanos, and there is the prasitis" which has the color 
of verdigris. And the Aaimatitis™ also is of solid texture; it is 
dull in color, and in accordance with its name seems to be made 
of blood that has become firm and dry. The stone called xantAc"* 
is another variety, not really yellow in color but rather of a whitish 
tint, a color which the Dorians call xanthos. 

Coral, which is like a stone, is red in color and rounded like a 
root, and it grows in the sea. And in a way the petrified Indian 
reed is not very different in its nature from coral. But this is a 
subject for another inquiry. 

There are also many varieties of stones which are obtained by 
mining. Some of these contain gold and silver at the same time, 
but only the silver can be seen clearly. They are rather heavy in 
weight and have a strong odor. There is also natural kyanos, 
which contains chrysokolla, and there is another stone which is 
like glowing coals in color; and these stones are heavy. 

In general a great many unusual types of such stones are found 
in mines; some of them are of an earthy nature, such as yellow 
ochre and red ochre, and some are sandy, like chrysokolla and 
kyanos, and others are powdery, such as realgar and orpiment 
and others that are like them. One could mention a number of 
peculiarities in such stones. 

Some stones also have the power of not submitting to treatment, 
as we have mentioned before; for example, they cannot be cut 
with iron tools, but only with other stones. In general there is a 
great difference in the methods of working the larger stones; for 
some can be sawn, others can be carved, as has been stated, and 
others turned on a lathe, like the Magnesian stone. This is un- 

35 The words in brackets come from Athenaeus (III, 93). 

36 Probably the present Persian Gulf. 

3T An opaque green stone. For possible identification, see Commentary. 


88 Probably red jasper. 
39 Probably yellow jasper. 
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usual in its appearance, and some people are astonished at its rc- 
semblance to silver, though it is not related to it at all. 

And there are a larger number of stones which submit to every 
method of treatment. In Siphnos there is a stone of this kind 
which is dug up about three furlongs from the sea; it is round and 
has the qualities of a lump of earth, and because it is soft it can 
be turned on a lathe and carved. When it is heated in the fire 
and dipped in oil, it becomes very black and hard; and dishes 
for the table are made out of it. 

All such stones submit to the power of iron, but some stones, 
as wc have mentioned before, can be carved with other stones, 
but not with iron instruments. And others can be carved with 
iron, but only with rather blunt tools. And... are .... In much 
the same way . . . cannot be cut with iron, and yet iron, which 
is harder than stone, cuts substances that are . . . stronger." 

That seems peculiar also, because whetstone wears away iron, 
although iron can divide the whetstone and shape it but cannot 
do this to the kind of stone from which seals are made. And 
again, the stone with which seals are carved consists of the ma- 
terial from which whetstones are formed, or something like it. 
And the (best) whetstone comes from Armenia. 

The nature of the stone which tests gold is remarkable, for it 
seems to have the same power as fire, which can test gold too. On 
that account some people are puzzled about this, but without 
good reason, for the stone does not test in the same way. Fire 
works by changing and altering the colors, and the stone works 
by friction, for it seems to have the power of picking out the 
essential nature of cach metal. 

They say that a much better stone has now been found than the 
one used before; for this not only detects purified gold, but also 
gold and silver that are alloyed with copper, and it shows how 
much is mixed in each stater. And indications are obtained from 
the smallest possible weight. The smallest is the krithé, and after 

4@If certain emendations were adopted, this difficult passage might be translated as 
follows: “And such stones are harder. In much the same way it is peculiar that a 
stone cannot be cut at all with iron, and yet iron too, which is harder than stone, cuts 
substances which are firmer and stronger.” (xal eloly ol Towbro. oxA\npérepor. rapa- 


wiyoles 82 äroror rd hws ph réuvecbar MOor oidhpy? xalroa kal cTepeérepa xai 
lexvpérepa répves xal albgpos M0ov oxdnpérepos Gr.) 
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that there is the kollybos, and then the quarter-obol, or the half- 
obol;" and from these weights the precise proportion is de- 
termined. 

All such stones are found in the river Tmolos. They are smooth 
in nature and like pebbles, flat and not round, and in size they 
are twice as big as the largest pebble. The top part, which has 
faced the sun, differs from the lower surface in its testing power 
and tests better than the other. This is because the upper surface 
is drier, for moisture prevents it from picking out the metal. Even 
in hot weather the stone does not test so well, for then it gives 
out moisture which causes slipping. This happens also to other 
stones, including those from which statues are made, and this is 
supposed to be a peculiarity of the statuc. 

Of such kinds are the special qualities and powers found in 
stones. Earth has fewer of these, though they are more peculiar; 
for it is also possible for earth to be melted and softened and then 
hardened again. It melts (along with)“ substances which are dug 
up and which can be liquefied, just as stone also does. It is softened, 
and stones are made from it. These include the variegated ones 
and other composite stones . . . ;" for all of these are made 
artificially when they arc fired and softened. And if glass is also 
formed, as some say, from vitreous earth, this too is made by 
thickening. 

The most unusual earth is the one mixed with copper; for in 
addition to melting and mixing, it also has the remarkable power 
of improving the beauty of the color. And in Cilicia there is a kind 
of earth which becomes sticky when it is boiled, and vines are 
smeared with this instead of birdlime to protect them from wood- 
worms. 

It would also be possible to determine the differences that are 
naturally adapted for causing earth to turn into stone; for those 
that are due to locality, which cause different kinds of savors, 
have their own peculiar nature, like those which affect the savors 

*1See Commentary for a discussion of the absolute and relative values of these 
weights. They were probably equivalent to .06, .09, .18, and .36 of a gram. 

42 Some word is understood here, such as dua ("along with"); cf. dua in sec. 9. 
Schneider suggested dyoles (“in the same way as"). 


55 [f ¿x ris "Acías &yovsuw were read, the meaning would be that "they bring them 
from Asia." 
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of plants. But it would be best to list them according to their col- 
ors, which painters also usc. 

These substances, as we said in the beginning, are produced 
either by some conflux or by percolation. Moreover, some seem 
to have been set on fire and burnt, such as realgar and orpiment 
and others of the same kind. To put it plainly, all of these result 
from a dry and smoky exhalation. 

They are all found in silver and gold mines, and some of them 
in copper mines, such as orpiment, realgar, chrysokolla, red ochre, 
yellow ochre, and kyanos, but the last of these is seldom found 
and only in small quantities, whereas there are veins of some of 
the others, and yellow ochre is said to be found in masses. But 
there are all kinds of red ochre, so that painters can use it for 
flesh-colored pigments. And yellow ochre can take the place of 
orpiment, since there is no real difference in their color, though 
there seems to be. 

But in some places there are mines that even contain both red 
ochre and yellow ochre together, as for example in Cappadocia, 
and large quantities are dug up. But they say that the risk of suf- 
focation is a serious matter for the miners, since this can happen 
to them quickly and takes a very short time. 

The best red ochre seems to be that of Ceos; for there are several 
kinds. One of them comes from mines, since iron mines also con- 
tain red ochre. But there is also the Lemnian kind and the one 
called Sinopic; this is really Cappadocian red ochre, but it is 
brought down to Sinope. It is dug up by itself in . . . .** And there 
are three varieties of it, one very red, one light-colored, and a 
third whose color is midway between the others. We call this a 
self-sufficient kind because it does not have to be mixed, whereas 
the others do. 

It is also made by burning yellow ochre, but this is an inferior 
kind and is a discovery of Kydias; for it is said that he became 
aware of it when an inn burnt down, as he noticed that some 
yellow ochre was half-burnt and had become red in color. 

New earthen vessels are covered with clay and placed in ovens; 
for when the vessels become red-hot, they heat the ochre, and as 
they become hotter in the fire, they make its color darker and more 


44 dy r@ uikpQ is dificult; é» ri Afu»e ("in Lemnos”) is a possible alternative. 
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like glowing charcoal. And its origin is itself a proof of this; for 
it would scem that all these substances change under the influence 
of fire, if it is right to consider that the red ochre made in this 
process is the same as the one made by nature or very similar to it. 

Just as there is a natural and an artificial red ochre, so there is a 
native kyanos and a manufactured kind, such as the one in Egypt. 
There are three kinds of kyanos, the Egyptian, the Scythian, and 
the Cyprian. The Egyptian is the best for making pure pigments, 
the Scythian for those that are more dilute. The Egyptian variety 
is manufactured, and those who write the history of the kings of 
Egypt state which king it was who first made fused kyanos in 
imitation of the natural kind; and they add that kyanos was sent 
as tribute from Phoenicia and as gifts from other quarters, and 
some of it was natural and some had been produced by fire. Those 
who grind coloring materials say that kyanos itself makes four col- 
ors; the first is formed of the finest particles and is very pale,“ 
and the second consists of the largest ones and is very dark. These 
are prepared artificially, and so is white lead. 

Lead about the size of a brick is placed in jars over vinegar, 
and when this acquires a thick mass, which it generally does in 
ten days, then the jars are opened and a kind of mold is scraped 
off the lead, and this is done again until it is all used up. The 
part that is scraped off is ground in a mortar and decanted fre- 
quently, and what is finally left at the bottom is white lead. 

Verdigris is made in much the same way. Red copper is placed 
over grape-residues® and the matter that collects on it is scraped 
off; for it is verdigris that appears there. 

There is also a natural and a prepared kind of cinnabar. The 
cinnabar in Iberia, which is very hard and stony, is natural, and 
so is the kind found in Colchis. They say that this is found on 
cliffs and is brought down by arrows that are shot at it. The pre- 
pared kind comes from one place only, a little above Ephesos. It 
is a sand that shines brightly and resembles scarlet dye; this is 
collected and ground in stone vessels until it is as fine as possible; 
then it is washed in copper ones . . . ," and what remains is taken 

45 This translates Aevxóraror, which has been accepted as an emendation in the text. 

46 The literal translation of rpó£ would be “‘wine-lees,” but see Commentary. 

47 The words é» xaXois (after juxpór) may simply be a repetition of é» yaXxois. 


Schneider thinks they belong above, after ùrèp 'Eġésov uxpór (“a little above Ephesos”) 
and should really be é» d-ypois KiAfcapois ("in the Cilbian district"). 
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and ground again and then washed. Skill is needed for this proc- 
ess; for some people make a great deal and others little or nothing 
out of an equal amount of sand. The washing is done from the top, 
and separate portions are wetted one after the other; what is left 
at the bottom is cinnabar, and the washings are what remains 
above in larger quantities. 

They say that Kallias, an Athenian from the silver mines, dis- 
covered and demonstrated the method of preparation; for think- 
ing that the sand contained gold because it shone brightly, he col- 
lected it and worked on it. But when he saw that it did not contain 
any gold, he admired the beauty of the sand because of its color 
and so discovered this method of preparation. This did not happen 
long ago, but about ninety years before Praxiboulos was archon at 
Athens. 

It is clear from these facts that art imitates nature and creates 
its own peculiar products, some of them for use, and some only 
for show, such as paints," and others for both purposes equally, 
such as quicksilver; for this has its use too. It is made when cin- 
nabar mixed with vinegar is ground in a copper vessel with a 
pestle made of copper. And perhaps several other things of this 
kind could be discovered. 

Among the substances obtained by mining there still remain 
those that are found in earth-pits; these are caused, as we said in 
the beginning, from some conflux and separation of matter which 
is purer and more uniform than that of the other kinds. And all 
sorts of colors are obtained from them owing to the differences of 
the matter they contain . . . ;*° some of them are softened and 
others are ground and melted, and in this way the stones that 
are brought from Asia are constructed. 

The natural kinds of earth, which are useful as well as superior 
in quality, arc three or four in number, the Melian, the Kimolian, 
the Samian, and a fourth in addition to these, the Tymphaic or 
gypsos.” Painters use only the Melian kind; they do not use the 


48 This translates du$ás; GAwers is unknown. The emendation ddcweis (lit, "without 
fat") must refer to the type of earth mentioned in sec. 62; this was not greasy and was 


suitable for painting. 
49 [f cal 8.à r3» TG» Ou0oórrw» were read, the meaning would be “and of the matter 
that percolates.” . 


50 A much broader term than the English word gypsum. It included not only the 
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Samian, even though it is beautiful, because it is greasy, dense, 
and smooth. For the kind which is... and . . . ," and is not 
greasy is more suitable for painting, and the Melian kind has this 
quality ...." 

In Melos and Samos there are additional differences in the earth. 
It is not possible to stand upright while digging in the pits of 
Samos, but a man has to lie on his back or his side. The vein 
stretches for a long way and is about two feet in height, though 
much greater in depth. It is surrounded on both sides by stones 
and is taken out from the space between them. It has a stratum 
right through the middle, and this is better than the parts on the 
outside; and then it has another stratum, and still another, up to 
four .... The innermost earth is called “the star." This earth 
is used mainly or solely for clothes.” 

The Tymphaic earth is also used for clothes and is called gypsos 
by the people who live near Mt. Athos and those districts. Gypsos 
occurs in large quantities in Cyprus and can easily be seen; for 
only a little soil is removed when it is dug up. In Phoenicia and 
Syria it is made by burning stones, and this also happens in Thou- 
rioi; for a large amount is produced there. And thirdly, it occurs 
in Tymphaia and in Perrhaibia and in other places. 

Its nature is peculiar; for it is more like stone than earth, and 
the stone resembles alabastrites. It is not cut out in a large mass 
but in small pieces. Its stickiness and heat, when it is wet, are re- 
markable; for it is used on buildings and is poured around the 
stone or anything else of this kind that one wishes to fasten. 

After it has been pulverized and water has been poured on it, 
it is stirred with wooden sticks; for this cannot be done by hand 


mineral now called gypsum but also the roasted mineral. Lime and lime mortar also 
appear to have been included under this term. For a discussion of the various idenüfica- 
tions, see Commentary, secs. 62, 64-69. 

51 The literal meaning of fjpeuor is "quiet," but what it means here is not certain. 
The emendations dpaéy and rpaxóbes mean “of loose texture" and “rough.” The first 
of these is very appropriate, since it indicates low density and is the opposite of svxrór. 
Furlanus reads fjpeuor in addition to dpaéy, but the adverb $péua (“gently,” “slightly"”) 
would be better. 

52 The emendauon ér rg Pdpid: assumes that this is the name of a place. Schneider 
suggests ér re Yadapy or cur rg Vaóapórnres implying that the earth is “liable to 
crumble.” If the adjective &:dagopor is concealed here, it would mean that the earth has 
a certain quality “in a marked degree.” 

58 For cleaning or whitening clothes. See sec. 67. 
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because of the heat. And it is wetted immediately before it is used; 
for if this is done a short time before, it quickly hardens and it is 
impossible to divide it. Its strength, too, is remarkable; for when 
the stones are broken or pulled apart, the gypsos does not become 
loose, and often part of a structure falls down and is taken away, 
while the part hanging up above remains there, held together by 
the binding force. And it can even be removed and calcined and 
made fit for use again and again. 

In Cyprus and in Phoenicia it is used mainly for these purposes, 
but in Italy it is also used for treating wine. And painters employ 
it for some parts of their art, and so do fullers, who sprinkle it on 
clothes. It seems to be far superior to other earths for taking im- 
pressions, and is generally used for this purpose, especially in 
Greece, owing to its stickiness and smoothness. 

Its powers are seen in these and similar uses, but its nature is 
such that it seems, as it were, to contain the qualities both of lime 
and of earth, namely, heat and stickiness, or rather each of these 
in a marked degree. It is also clear from the following example 
that it has a fiery nature; for once a ship loaded with clothes was 
itself burnt when the clothes became wet and caught fire. 

Gypsos is also burnt in Phoenicia and in Syria, where it is fired 
in a furnace. Marbles especially are burnt, and also the more ordi- 
nary kinds of stones, while cow-manure is placed alongside the 
hardest ones to make them burn better and more quickly. It 
seems to become extremely hot when it has been set on fire, and 
stays hot for a very long time. And when it has been calcined, it 
is pulverized like ashes. From this it seems clear that its nature 
is entirely due to fire. 

54 If xal àr rovs GTepewrárovs, wapar.Oérres BóN«ror were read, the meaning would 


be "and in general the hardest kinds of stones, while cow-manure is placed alongside 
them." Eichholz translates årħ&s as "absolutely." 
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l. The metals obtained by mining, such as silver, gold, 


and so on, come from water. 

In general, the ideas of Theophrastus on the origin and nature 
of mineral substances are based on those of his predecessors and 
teachers, Plato and Aristotle. His brief statement about the forma- 
tion of metals from water appears to be taken directly from 
Plato, who believed that there were two primary types of sub- 
stances having the nature of water: one of these was the liquid 
kind of water, which included any material that normally ex- 
isted as a flowing liquid; and the other was the fusible kind of 
water, which included substances, such as metals, that could 
be made to flow by the action of heat. Plato describes the nature 
and formation of gold as follows: “Of all the substances which 
we have ranked as fusible kinds of water, that which is densest 
is formed of the finest and most uniform particles. This is a unique 
kind, tinged with a glittering and yellow color, that most precious 
of possessions known as gold, which has filtered through rocks 
and there congealed . . . .”” 

The ideas of Aristotle on the origin of metals are somewhat 
more complex. According to him,’ the metals originated from the 
imprisonment of vaporous exhalations in the earth, particularly in 
stones, where they were congealed by some sort of drying process, 
and as a result a metallic substance was generated. Since it was 
supposed that this process was similar to the freezing of water, the 
metals were considered by analogy to be water, but only in a cer- 
tain sense. Aristotle believed that metals consisted of matter which 
might have become water but could no longer do so. He did not 
consider them as originating from qualitative changes in actual 
water. On the whole, so far as we can judge from his meager 
statements here, the ideas of Theophrastus on the origin of metals 
were in somewhat closer agreement with the ideas of Plato than 
with those of his immediate predecessor. 

The statements of Theophrastus in this first section of the trea- 
tise also indicate that he was more inclined to follow the theories 


1 Timaeus, 58D. ? Timaeus, 59B. 3 Meteorologica, III, 6. 
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of Plato on the origin of non-metallic mineral substances than 
those of Aristotle. Plato believed* that ordinary stone was formed 
when, in a mixture of earth and water, the latter changed to a 
form of air and rose to its own region; in doing so it gave a thrust 
to the surrounding air, which reacted on the remaining earth 
and compacted it into stone. He also thought, however, that cer- 
tain kinds of stones were composed of a combination of earth 
and water,’ and this idea is accepted by Theophrastus as shown 
by his statements in sections 9 and ro. But according to Aristotle, 
infusible stones were formed by the dry type of exhalation acting 
on earth,’ though certain fusible stones were, like the metals, 
more of the nature of water.’ 


l. stones, including the more precious kinds. 
The distinction here, as shown by subsequent passages, is primarily 
between the stones which occur in large masses in the form of 
rock and the various minerals of limited size and distinctive prop- 
erties, particularly those that were used for seals. 


l. the metals have been discussed in another place. 
Probably this refers to Theophrastus’ lost work on mines" men- 
tioned by Diogenes Laertius.’ 


2. as has been explained above. 

Though this appears to be a reference to a preceding passage that 
has dropped out, the close and logical development of the discus- 
sion up to this point seems to leave no room for the introduction 
of any other statement. Possibly this refers to a discussion in the 
lost treatise on mines mentioned by Diogenes Laertius or to a 
passage in some other treatise that may have immediately pre- 
ceded the present one in the books of Theophrastus as they were 
originally written. 

From the rather vague statements in this section it would appear 
that Theophrastus was somewhat more advanced than his prede- 
cessors in his theories about the formation of mineral substances; 
these tended even to approach modern views on the formation 
of minerals by crystallization from magmatic or aqueous solutions. 


5 Timaeus, 60C. 5 Timaeus, 61. . * Meteorologica, YII, 6. 
T Meteorologica, IV, 10. 8 IIepl. perddXwp. 9 V, 44. 
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The more advanced nature of the views of Theophrastus is evi- 
dent when his statements are compared with Plato's theories about 
the formation of stones and the reason for the differences in their 
physical properties. This is what Plato says: "But when earth is 
compressed by air into a mass that will not dissolve in water, it 
forms stone, of which the transparent sort made of uniform par- 
ticles is fairer, whereas the opposite kind is coarser.""? 


3. Some things are solidified through heat, others 
through cold. 


Theophrastus seems to follow the theories of Aristotle about the 
solidification of mineral substances. According to Aristotle," any- 
thing capable of being solidified was either water or a mixture of 
water and earth, and the agent that brought this about was either 
heat or cold. Ordinary water and analogous substances like molten 
metals were solidified by cold. On the other hand, a salt solution, 
since it left a solid residue after being treated at an elevated tem- 
perature, was considered to be solidified by heat. Aristotle did not 
recognize, as we do, any radical difference in the two phenomena. 
Cold was supposed to act by driving off the heat, and the moisture 
of the liquid was believed to accompany the heat in the form of 
vapor. Heat was supposed to act directly in driving off the mois- 
ture and leaving the earthy or solid matter behind. In other words, 
solidification of substances by either agent was considered to be a 
drying process. Aristotle also showed that the solidification of some 
substances could occur in both ways. Certain mixtures of earth 
and water, such as common mud, were in this class, for either 
heat or cold could readily bring them to a solid condition. 


3. tt would seem that all the types of earth are pro- 
duced by fire, since things become solid or melt as a result 
of opposite forces. 

The formation of ashes when materials are set on fire and burnt, 
and the resemblance of these to natural earthy substances, may 
well have been the basis of the idea that all earthy substances 


owed their origin to fire. In subsequent passages (secs. 50, 54, 69) 
Theophrastus refers again to the part that fire plays in the forma- 


10 Timaeus, 60C. 11 Meteorologica, IV, 6-12. 
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tion of earths, and he says more in a specific way on this subject 
than either Plato or Aristotle, though in his attempts to explain 
the process he follows closely the teachings of the latter. His 
statement that the solidification or melting of earths is the result 
of opposite forces appears to be based directly on the following 
theories of Aristotle: “Bodies solidified by the dry-hot are dis- 
solved by water which is the moist-cold, whereas bodies solidified 
by cold are dissolved by fire, which is hot. . . . For the opposite 
of the dry-hot is the cold-moist and what the one solidified the 
other will dissolve, and so opposites will have opposite effects.” 
Theophrastus means, therefore, that since all earthy substances are 
dissolved or dispersed by water, which is the cold-moist, it neces- 
sarily follows that they must all be solidified by the opposite agent, 
which is fire, the dry-hot. A mechanism for the softening or dis- 
persion of earths by water is also given by Aristotle." He believed 
that the pores of an earthy substance were large enough to admit 
water particles, and that the entrance of these caused the breaking 
up of the solid material. Solidification came about again on the 
expulsion of the water particles by heat, and the earthy substance 
then resumed its original condition. 


4. some ...can make the color of water the same as 
their own. 
The manuscripts and Aldus have é£opocodvraz followed by the 
participle Svvdpevor, but the infinitive é£opocody is expected, i.e., 
“they are able to make the color the same.” Turnebus felt the need 
of a main verb and changed the last syllable of éEojovodvra to 
$aívovra; Furlanus preferred Aéyovras, and this was accepted by 
Wimmer. But it is not certain that a verb of this sort is necessary; 
it may be that the participle Svvdpevor is parallel to the participle 
€xovres that precedes it, and the editors have not found it neces- 
sary to change this to €xovor. If this is so, €xovres . . . , čvior 0€ 
. . . Ovrdpevoc is similar to rnKrot . . . ot 9. drnxrot above. Here 
oi uév is understood to correspond to oí dé. Turnebus and Schnei- 
der both think that of pév should be added to the text before 
Tnxroi, but, though this makes the meaning very clear, it is not 
essential, since uév is not always expressed. As Aéyovraa is not in 

12 Meteorologica, IV, 6, 383A-383B. 18 Meteorologica, IV, 9, 385B. 
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the manuscripts and cannot be regarded as a certain emendation, 
it has been omitted and the last syllable of é£oprocotvras has been 
bracketed as a mistake. 


4. others can turn what is placed on them entirely into 
stonc. 
The basis of this statement, which at first sight seems a mere in- 
vention, may be that a stony layer of calcium carbonate or silica 
is deposited by underground water on objects buried in the ground 
or in caves. Pliny'* states on the authority of Mucianus that mir- 
rors, body-scrapers, clothes, and shoes buried in sarcophagi made 
of a certain stone are petrified. As Bailey'* has suggested, it is 
probable that these sarcophagi were made of limestone. Under 
suitable conditions, the passage of water containing dissolved 
carbon dioxide through a limestone sarcophagus would dissolve 
calcium carbonate from its walls and deposit it on the objects 
inside. In a sense, then, the apparent petrifaction of these objects 
could be attributed to the nature of the stone from which the 
vessel was made. 


4. some have the power of attraction and others can 
test gold and silver, such as the stone called the Heraclean 
and the one called the Lydian. 


In particular, the stones having the power of attraction were lyn- 
gourion, amber, and lodestone, which are briefly described in sec- 
tions 28 and 29. Heraclean stone was a common early name for 
native magnetic iron oxide, or lodestone, and is so used, for exam- 
ple, by Plato.'*^ The name is apparently derived from the locality 
where it was discovered or obtained, but it cannot now be de- 
termined with certainty whether this was the Heraclea in Pontus 
or in Lydia or elsewhere, though it seems very probable that it 
was somewhere in Asia Minor. Theophrastus apparently uses the 
name here to denote one kind of touchstone. Likewise, Pliny” 


14 XXXVI, 131. 

15 K.C. Bailey, The Elder Pliny’s Chapters on Chemical Subjects (London, 1929- 
1932), Part II, p. 252. 

16 Timaeus, 80C; lon, 533D. 

1T XXXIII, 126. The text reads, “Auri argentique mentionem comitatur lapis quem 
coticulam appellant, quondam non solitus inveniri nisi in flumine T molo, ut auctor est 
Theophrastus, nunc vero passim; alii Heraclium, alii Lydium vocant. .. ." 
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mcntions that a stone of this kind was called by some the Her- 
aclean, by others the Lydian, stone. It is very likely, however, that 
Pliny took his information from this treatise of Theophrastus. 
Since the term “Heraclean stone" was sometimes used to designate 
the lodestone, the term "Lydian stone," derived from Lydia in 
Asia Minor, where it was discovered or first used, was perhaps 
the more correct ancient name for the touchstone. Moreover, the 
term “Lydian stone” is the one that has come down into modern 
mineralogical literature. If, as stated by Hesychius," the Heracle- 
an stone derived its name from Heraclea in Lydia, this may ac- 
count in part for the confusion of the two names in the works 
of ancient writers. On the other hand, the application of both 
these names to the same stone in the works of the later writers 
may have originated entirely from the somewhat ambiguous word- 
ing of this passage in Theophrastus. It seems almost certain that 
Theophrastus really intended to say here that “some have the 
power of attraction; others can test gold and silver, such as the 
so-called Heraclean stone and the Lydian stone respectively.” 
The properties and uses of the touchstone are described in sections 
45, 46, and 47. See also the notes on these sections in the com- 


mentary. 
5. But the greatest and most wonderful power, if this 


ts true, ts that of stones which give birth to young. 

This curious idea seems to be the result of observing certain kinds 
of geode-like concretions that consist of an outer shell within 
which is contained a clayey, sandy, or stony nucleus. Sometimes the 
internal material is held so loosely that the concretion rattles when 
shaken. The ancients apparently believed that such stones were 
pregnant, and that the mineral matter on the inside was in the 
process of being generated. Bailey” thinks that the discovery of 
crystals with other smaller crystals attached was the origin of 
this idea. Though observations of such crystal growths may have 
contributed something to its origin, the available literary evidence 
gives more support to the other explanation. 


18 $9. “Hpaxkela. 
19 Pliny’s misunderstanding of this passage was pointed out by Salmasius. See Plinianae 


Exercitationes (1689), 776aF. 
20 The Elder Pliny's Chapters on Chemical Subject Part II, p. 253. 
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Although "Theophrastus does not name specifically any stone 
having this power of procreation, other ancient writers give the 
name “eaglestone” to these concretions. Pliny” states that they 
were so named because they were found in eagles’ nests, and the 
eagles were unable to hatch out their young without the aid of 
these stones. He distinguishes” four varieties of aetites or cagle- 
stone according to the color or consistency of the shell or nucleus 
of the concretion, and he names the localities where the various 
kinds were found. It is evident from his descriptions that such 
stones were often clay ironstone concretions composed of siderite 
(native ferrous carbonate) or limonite (native hydrated ferric 
oxide) compacted with clay or sand. It is interesting to note that 
even in modern times the name “eaglestone” has been sometimes 
applied to such nodules of clay ironstone. However, if the accounts 
given by Pliny are accurate, the ancient term must have included 
other kinds of clayey or sandy concretions. He names in addition, 
and sometimes describes briefly, other stones which contained em- 
bryo stones within them, such as cyizzs? and gassinade.” He even 
goes so far as to declare that the period of gestation for the second 
of these stones was three months. Possibly these were different 
concretions, though they may have been identical with aezzzes. As 
one might expect, eaglestones were worn in ancient times as 
amulets to prevent miscarriage.” Such stones have been worn for 
the same purpose in certain European countries in modern times. 

Though 'Theophrastus appears to be serious in mentioning this 
supposed generative power of stones, his use of the phrase “if this 
is true” shows that he was actually skeptical about it. Such skep- 
ticism is much less evident in the statements of the other ancient 
writers who touch on this subject. 

The word ruróvrov is an emendation adopted by Schneider 
and Wimmer instead of ru«róv, the reading of the manuscripts. 
What is needed is the active participle of the verb rixrw (“to bring 
forth young"). It seems almost certain that this verb is correct, 
since Theophrastus refers to a great and wonderful power and 
shows that he himself is doubtful about it. Furlanus and Heinsius 

?1 X, 12, and XXXVI, 149. 22 XXXVI, 149, 150, ISI. 


22 XXXVII, 154. 24 XXXVII, 163. 
25 Pliny, XXX, 130, and XXXVI, 151; Solinus, XXXVII, 14, 15. 
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miss the point by changing the word to -mwr@v; for there would 
be nothing wonderful about substances that could be melted. 

After yvwpıpwrépa dé the word ràv appears in the manuscripts, 
but it is rightly bracketed by Schneider and Wimmer, since a sub- 
ject in the nominative is needed and not a genitive of comparison. 
This subject really requires the article to introduce the words xara 
tas épyacias; this has been understood in the translation of the 
passage ("the power of those used in manual work is better 
known"), and (7) has been added to the text. 


6. through which stones gain their special excellence. 
The manuscripts have 8c dv ("through which") before rò meper- 
tóv, but Aldus and Turnebus changed this to 86 (“wherefore”), 
and Furlanus suggested óu& (“on account of"), which Wimmer 
accepted for his text. Schneider was doubtful about the phrase 
Sua. TO mepırróv. It is somewhat confusing, since it might mean 
"because of their unusual nature," but qualities like hardness and 
softness are not unusual. However, if rò srepvrróv means that the 
stones have a special excellence which makes them valuable or 
unusual, then hardness might be appropriate as one such point 
of excellence. Theophrastus mentions «(Sy mepırrórepa in sec- 
tion 1, and rò mepierróv may be a reference to this. If rò zepurróv 
is accepted here, there seems no reason why the manuscript read- 
ing && àv should be rejected in favor of the emendation of Fur- 
lanus; a relative clause meaning "through which they get their 
excellence" or "from which their excellence is derived" seems to 
be more appropriate here than a phrase meaning “on account of 
their excellence." There is no difficulty about understanding a 
verb for the relative clause, and ë dv has been restored to the text. 


6. the Parian, the Pentelic, the Chian, and the Theban. 
It is only in this section and the next one that Theophrastus men- 
tions the marbles and other stones used for building or statuary. 
He seems to regard them merely as examples of stones in which 
certain distinctive properties can be seen throughout large masses. 

The quarries on the island of Paros were celebrated in ancient 
times for their excellent marble. Though this is usually spoken of 
as Parian marble, it is also alluded to as the marble of Marpessos, 
from the particular mountain where the finest stone abounded. 
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Other places on the island give evidence of ancient operations, 
and the stone is still available for quarrying at the present day. 
From a dazzling white to a creamy white in color, it had such an 
attractive appearance that a number of ancient authors thought it 
worthy of mention. This was the marble which was regarded as 
most suitable for statuary and was used by many of the most cele- 
brated sculptors of antiquity. 

Scarcely less famous was the Pentelic marble, so named from 
Mt. Pentelicos near Athens. The ancient quarries were at a place 
called Spilia about twelve miles northwest of the Acropolis. This 
stone is still quarried at the present time, and most of it is used 
in the construction of buildings in modern Athens. In ancient 
times it was widely used for architectural purposes, as is shown 
by the Parthenon and other surviving structures. Pentelic marble 
is as fine-grained as marble from Paros, but it takes on a yellow 
tone on weathering, and there are occasional dark streaks running 
through it. It was apparently less esteemed than Parian marble 
for the purposes of sculpture, probably because of its less uniform 
character, though many of the remains of ancient sculpture that 
have been found in Attica are of Pentelic marble. It is curious 
that Hill remarks in reference to this marble, “The Pentelican 

. . is now wholly unknown, and has been so for many ages.””* 
The earlier statement of De Laet, “I don't remember that I have 
read about Pentelic marble anywhere else,” also reflects the gen- 
eral state of ignorance in Western Europe concerning Greece 
under Turkish occupation. 

Less is known with certainty about the nature of the marbles 
or other stones obtained in ancient times from the island of Chios. 
Pliny” states that in his opinion variegated marbles were first 
discovered in the quarries of Chios. From another passage," 
where the reading is uncertain, some have inferred that Chian 
marble was uniformly black, though Mayhoff adopts another 
reading (Melo) in his edition of Pliny and does not think this 
refers to Chios. Theophrastus implies in the next section that the 

26]. Hill, Theophrastus’s History of Stones (London, 1746), p. 21. 

21 de Pentelico non memini me alibi legisse; see J. De Laet, Theophrasti De lapidibus 


Graece et Latine cum brevibus annotationibus (Leyden, 1647), p. 4. 
28 XX XVI, 46. 29 XXXVI, 49. 
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Chian stonc was black; he also says it was translucent, perhaps a 
reference to its surface appearance when polished. In section 33, 
where Theophrastus gives brief descriptions of inferior variegated 
dark stones used for seals, he apparently compares one of them 
with a stone from Chios. On the whole it would appear that 
the ancient Chian quarries yielded a black or dark marble or 
other rock, in which there were spots or streaks of light-colored 
minerals. 

That the Theban quarries here mentioned by Theophrastus 
were located in the vicinity of ancient Thebes in Egypt rather 
than the Greek city of Thebes in Boeotia is almost certain, for not 
only does he go on immediately to name particular stones found 
near Thebes in Egypt, but he also says—what is well known— 
that the ancient Egyptian locality was celebrated for its great stone 
quarries. If Theophrastus is referring to quarries in or near the 
Egyptian Thebes, then he must be speaking of the limestone still 
so plentiful in this part of the Nile Valley. Even now there is evi- 
dence of the ancient workings there. If, as is more probable, Theo- 
phrastus meant to include the quarries in the general territory of 
Thebes, then sandstone and even granite could also be mentioned, 
although the great source of granite was at Syene (modern As- 
wan), about a hundred miles or so south of the city of Thebes. It is 
perhaps significant that the Theban stone which Pliny” mentions 
was apparently a granite. 


6. alabastrites. 
This was well known in ancient times, as is attested by numerous 
references to it in the works of early writers. Judging from the 
description given by Pliny,” this stone was in all probability com- 
pact stalagmitic calcium carbonate, the onyx marble of Egypt, 
sometimes called “oriental alabaster” to distinguish it from true 
alabaster, which is similar in appearance but is actually a compact 
variety of gypsum, a hydrated calcium sulfate. Even today this 
particular onyx marble is often loosely called “alabaster.” It is a 
beautiful white or yellowish-white stone, slightly translucent, and 
frequently, though not always, traversed by bands of slightly dif- 
fering shades. That this stone was extensively quarried in ancient 


80 XXXVI, 63, 157. 81 XXXVI, 59-61. 
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Egypt is amply shown by the traces of the former workings as 
well as by the numerous objects composed of it that have survived, 
such as vases, statucs, and even parts of buildings. However, here 
again it must be understood that Theophrastus is speaking in a 
vague general way of the territory of Thebes, for the nearest 
source of onyx marble appears to be considerably more than a 
hundred miles north of the site of the ancient city of Thebes. 
The ancient workings arc still to be seen today, and the principal 
ones extend from Minia to Asiut." 


6. chernites. 

This passage contains the only information we have about the 
nature of this stone. Pliny mentions it but merely paraphrases 
the statement of Theophrastus. Hill" identified it as a white 
marble, though he did not explain his reasons. Against this identi- 
fication is the fact that native marble was scarce and relatively 
little used in ancient Egypt. Furthermore, the few objects made 
of this stone that have been found are generally very small, by 
no means approaching a sarcophagus in size. Moore" identified 
chernites as true alabaster. The context suggests that it was either 
alabaster or a particular variety of Egyptian onyx marble; for 
Theophrastus commonly groups together mineral substances simi- 
lar in nature or appearance. But it is not very likely that it was a 
true alabaster; such compact gypsum was scarce and little used in 
ancient Egypt, where only a few small objects made of it have 
been found. It appears more probable that it was a particular kind 
of onyx marble, possibly a white, more uniform variety, as con- 
trasted with the common variety that was yellowish and banded. 
Theophrastus mentions particularly that a sarcophagus was made 
of chernites, and several such Egyptian burial objects composed 
of onyx marble have survived to our day." 


7. poros. 
The usual spelling is zópos, not mépos. Other Greek authors 
mention foros or poros stone, and their statements, together with 


3? A. Lucas, Ancient Egyptian Materials and Industries (London, 1948), pp. 75-77. 
33 XXXVI, 132. 84 Theophrastus's History of Stones, p. 23. 

35 N. F. Moore, Ancient Mineralogy (New York, 1859), p. 172. 
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the evidence of geological formations and our knowledge of the 
stones used in ancient structures, show that these terms were 
general ones that were applied to rocks of cellular structure and 
low density such as calcareous tufa or fossiliferous limestone. The 
statement of Theophrastus here is somewhat reminiscent of the 
one made by Herodotus, who remarks," in speaking of the build- 
ing of the temple of Apollo at Delphi, that the front was of Parian 
marble and the main part of poros stone, which in this case was 
the calcareous tufa plentiful around Mt. Parnassos. Pausanias'* 
states that the temple of Zeus at Olympia was made of poro; 
locally obtained, undoubtedly the coarse fossiliferous limestone of 
that particular locality. In general, such limestone rock, being 
plentiful in Greece and easy to quarry or work, seems to have 
been a favorite building material, as is shown by its presence in 
a number of surviving ancient structures or ruins. The kind of 
poros which Theophrastus compares with Parian marble might be 
identified as travertine, a stone which in general appearance as 
well as chemical composition is very much like marble. There is 
ample evidence that travertine was widely used for building pur- 
poses in ancient times, particularly in Italy, and surviving exam- 
ples show that fine-grained calcareous tufa or travertine was also 
frequently employed for statuary. But when the name poros is 
applied to a marble-like stone used by the Egyptians for elaborate 
buildings, it probably has a special meaning. It seems to mean 
some variety of Egyptian onyx marble, as this is the only marble- 
like stone that the Egyptians used in the construction of build- 
ings; it was especially used in the construction of sanctuaries and 
temples, as is shown by surviving examples that have come down 
to us.” Though Theophrastus apparently speaks of onyx marble 
as alabastrites or chernites in the preceding section, it does not fol- 
low that this identification is wrong, since the stone occurs in 
several varieties that differ much in appearance. Moreover, the 
ancients often gave different names to the same mineral sub- 
stance, or used the same name to denote two or more mineral 
species that we consider entirely distinct. The latter practice seems 
to have been true of poros, as it is very probable that this term 


37 V, 62. The text reads wepivov lov. 88 V, 10, 3. 
39 Lucas, Ancient Egyptian Materials and Industries, p. 75. 
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included not only calcareous tufa and fossiliferous limestone but 
also certain other soft rocks suitable for building purposes. The 
loose usage of the term poros by ancient authors, and the equally 
broad interpretation of its meaning by modern archacologists, has 
been pointed out by Frazer.'^ Eichholz*' rightly thinks that this 
poros must have been a special kind found in Egypt which had 
the lightness of the ordinary Greek poros but was not the same. 
This explains the difficulty in the text, which appears to say that 
poros has the lightness of poros. 


7. And a dark stone is also found in the same place, 

which 15 translucent like the Chian stonc. 
Unless more than a word or two has dropped out between this 
and the preceding phrase, the reference is apparently to a dark 
or black stone found in Egypt which, at first sight, one might 
be inclined to identify as obsidian, since this is the only dark or 
black stone that exhibits any marked degree of translucency. Hill“ 
believed that the stone was obsidian. But this identification is 
unlikely, since obsidian is not native to Egypt, although small 
amounts evidently were imported in ancient times to make orna- 
mental objects, such as amulets and vases.** However, several kinds 
of dark-grey or nearly black stones were quarried there, as is 
shown by existing remains; the dark granite found at Aswan, 
for example, was used to some extent in the construction of build- 
ings.“* Since Theophrastus is dealing in this section with stones 
found in large masses, this might well have been the stone de- 
scribed here, though granite is certainly not translucent, unless the 
allusion is to the surface appearance of the polished stone. Basalt 
and diorite were also quarried in ancient Egypt. In addition, the 
Egyptians used a particular kind of diorite-gneiss, a banded or 
mottled black and yellowish-white rock, and also a black and 
white porphyry composed of white crystals imbedded in a black 
matrix." On the whole, it seems likely that Theophrastus is allud- 

49 J. G. Frazer, Pausanias's Description of Greece (London, 1913), Vol. III, pp. 502- 
USD. E. Eichholz, Classical Review, LVIII (1944), 18. 

42 Hill, Theophrastus’s History of Stones, p. 24. 

43 Lucas, Ancient Egyptian Materials and Industries, pp. 473-74. 

45 Ibid., p. 73. 

45 Ibid., pp. 466-67, 474-75. 
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ing to one of these last two stones, especially since he compares 
the variety that he mentions with the Chian marble or stone, 
Which, as indicated by the note on the preceding section, was 
probably a black rock variegated with spots or streaks of light- 
colored material. 


8. almost all those that can reasonably be cut and used 
as seals. 
The reading of the manuscripts, oeddv . . . Aóyov, makes no sense. 
The meaning seems to be “almost all of those which,” and this 
could be represented by oxeóóv mávres (or sAetorroc) trav. Here 
tav is added to go with yAvrróv. But this does not account for 
the presence of Aóyov. De Laet and Hill changed this to Ady rar, 
but the meaning of this is not clear. Schneider thought that the 
verb xaraAéyovrar might have survived as Aóyov, and proposed 
oxedov Goo kxaraAéyovras eis rà odpayidia rv *yAvrrrüv. The 
phrase xarà Aóyov (“according to reason," "reasonably") is at- 
tractive, and Stephanides rightly included it in his emendation 
oxedov srávres oi xarà Aóyov eis rà Odpayidua yAvrrrot. Though 
it is impossible to know what was originally in the manuscripts, 
the emendation (rávres TOv Kata) seems to be a good one and 
has therefore been added to the text. These three words are of 
the right length to fill up the gap in the Aldine edition, but this 
does not confirm their accuracy, for the gaps are of different 
sizes in the manuscripts. In A there is room for only a few let- 
ters; the space in both B and C is longer, but not long enough. 
So nothing can be proved by the size of the gaps. 


8. And some arc discovered in other stones when these 


arc cut up. 

This apparently refers to crystals lining rock cavities or geodes, 

and especially to crystalline quartz which so commonly occurs 

in this manner, since in section 30 it is specifically stated that 

rock crystal and amethyst are found by dividing other stones. 
9. fire-resisting stones and millstones. 

Aristotle** refers to these two kinds of stones in a similar way ex- 

cept that he implies that they were fusible by themselves, whereas 
46 Meteorologica, IV, 6, 383B. 
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Theophrastus states here that they were fusible when placed in 
contact with certain other material. Since the two kinds of stones 
are mentioned together, it is likely that they were either similar 
in nature or had some common property or use. Though there 
is no direct evidence that would enable us to identify the first 
of these two classes of stones, several references in ancient litera- 
ture make it possible to identify at least some of the class of mill- 
stones. Strabo," for example, observes that the lava of Etna be- 
comes millstone on cooling, and in another place“ he mentions 
that an abundance of millstone was found on the volcanic island 
of Nisyros. Pliny," on the other hand, states that a superior kind 
of quicklime was prepared from the stone commonly used for 
millstones (molares). Although it is very likely that a variety 
of stones were used for millstones in ancient times, the remarks 
of these authors indicate that they were usually made either from 
highly siliceous volcanic rocks or from common hard compact 
limestone. From the name it may be inferred that fire-resisting 
stones were varieties of limestone, and since Aristotle mentions 
the fusibility of such stones immediately after referring to the 
manufacture of iron, this identification is even more likely; for 
limestone is generally added as an essential fluxing agent in the 
smelting of iron ore. Although there is no necessary connection 
between the sentence in Theophrastus dealing with these two 
stones and the two preceding sentences, it seems quite likely that 
such a connection was intended. If the passage is understood in 
this manner, then it also seems justifiable to assume that, because 
of the chemical nature of the two kinds of stones, the material 
that was burnt with them was the mixture of ore and fuel used 
in making up the charge for the smelting furnaces. For these 
two kinds of stones supply the two different types of fluxes needed 
for the reduction of ores, the acid type in the form of highly 
siliceous rocks and the usual basic type in the form of limestone. 
Though they lack precision, the brief allusions to ore-smelting in 
this section of Theophrastus are of considerable interest, since 
they are the earliest historical reference to the process. 


47 VI, 2, 3. 48 X, s, 16. 49 XXXVI, 174. 
50 Meteorologica, IV, 6, 383B. 
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9. become fluid along with the material. 
Some preposition like oú (“with”) is missing in the Greek text. 
Either péovos aiv ols or ovppéovaw ols might be expected. 


9. And some go so far as to say that all of them melt 
except marble and that this burns up and lime is formed 
from it. 

Though xovia has been translated as “lime,” an alternate possi- 
bility is "ashes." 'This meaning is discussed in the notes on sec- 
tion 69. In that section Theophrastus describes briefly the “burn- 
ing" of marble in order to make lime. He is essentially correct 
in noting thc infusibility of marble, for most rocks, being com- 
posed of silica, silicates, or various mixtures of the two, melt at 
moderately elevated temperatures; but marble, which is a rock 
composed of nearly pure calcium carbonate, decomposes without 
melting at temperatures near 9oo? C. under ordinary atmospheric 
pressure. The residue, which is calcium oxide, is itself a very 
refractory substance that melts at about 2570° C. when it is pure; 
but this temperature was not available to the ancients and is not 
reached in modern furnaces operating on ordinary fuels. Modern 
investigators” have found, however, that calcium carbonate, either 
in the form of the pure compound or in the form of marble, does 
melt when both the temperature and the pressure are high 


enough. 


10. there are many which break and fly into pieces. 
Theophrastus means here that some stones are infusible because, 
like earthenware, they contain little or no moisture. According 
to Plato" the brittleness of earthenware is due to its mode of 
formation; for earthenware, like stone, is formed by the expulsion 
of water from a mixture of water and earth, followed by com- 
pression of the mass by the reaction of the surrounding air. How- 
ever, in the formation of earthenware the mixture was thought 
to be so rapidly deprived of its water by the action of fire that 
the sudden violence of the compression made the product harder 

61J. W. Mellor, A Comprehensive Treatise on Inorganic and Theoretical Chemistry 


(London, 1923), Vol. III, pp. 656, 836. 
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and more brittle than stone. Plato" also attempted to explain why 
an admixture of some water with earth was necessary in order to 
produce a material fusible by fire. He considered that if a body 
were composed of earth alone, not compacted by any unusual 
force, the interstices in it would be larger than the fire particles, 
which could therefore pass in freely without exerting any force 
that would tend to break up the mass. On the other hand, he 
considered that, if some water were present, the fire particles 
could force their way into the smaller pores of the water particles 
and thus break up or disturb these; and they in turn then acted on 
the earth, so that the entire mass was broken up and fusion was 
finally effected. But Plato believed that when the mass of earth 
was forcibly compacted, as was supposed to happen to earthen- 
ware, the pores were smaller and only fire particles could find 
an entrance. Theophrastus seems to imply here, as a logical ex- 
tension of this argument, that the reason pottery and certain 
stones fly apart on the application of heat is that the fire particles 
force their way into the small pores of such bodies, which are 
thereby fractured owing to their inherent brittleness. 

The negative où’ should be bracketed in the text; the meaning 
ought to be that many stones, like pottery, fly into pieces owing 
to the action of fire. It seems most unlikely that Theophrastus in- 
tended to make an exception of pottery. 


ll. they are useless unless they are . . . wetted again. 
It is not obvious why the denser stones which harden on drying 
are supposed to become useless. Possibly the allusion is to their 
availability for cutting or carving; for some absorbent stones are 
definitely easier to work when wet. With sandstone, for example, 
this is certainly true; for it is cut much more easily when it is im- 
pregnated with water, as it often is in the quarries, than when it 
is completely dry. The statement that certain stones become softer 
and more brittle when they are dry is also somewhat obscure. 
There is a strong probability that the allusion is to native asphalt 
and related substances, which were well known and extensively 
used in ancient times.” These soften in a characteristic way when 


53 Timaeus, Gr A-B. 
54 R. J. Forbes, Bitumen and Petroleum in Antiquity (Leyden, 1936). 
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subjccted to moderate heat; and this would happen if they were 
exposed to the sun. This interpretation seems likely, since Theo- 
phrastus goes on immediately to discuss various brittle "stones" 
which were obviously natural bituminous substances. 


12. Some of those that can be broken are like hot coals 
when they burn, and remain like this for some time, such as 
those found in the mine at Binai which are brought down 


by the river. 


Bina was a town in Thrace, but its exact location is unknown. 
Theophrastus uses the plural form Binat. The account given by 
the writers of the Etymologicum Magnum, namely, that the place 
received its name because of the immorality of its inhabitants 
(eiv), is obviously false. Procopius" mentions a castle Biveos 
in a list of forts, and this may have been at the place in question. 
Stephanus of Byzantium" lists Benna as a city of Thrace and 
states that the spelling was sometimes Bena or Beina, though the 
former was better. At the time when Stephanus lived, Beina and 
Bina would have had the same pronunciation, so that it seems likely 
that this was the place which Theophrastus mentions here. Un- 
fortunately, Stephanus, too, fails to locate the city. That it was 
probably on a Thracian river named Pontus is indicated by a 
passage in the pseudo-Aristotelian work De Mirabilibus Auscul- 
tationibus." 

The allusion here is undoubtedly to some sort of natural solid 
bituminous substance, though the description is not adequate for 
an exact identification. The fact that the stones are described as 
brittle would suggest a bitumen associated with shale or soft 
limestone. The most likely identification is rock asphalt; for the 
combustible stone of Erineas mentioned in section 15 was probably 
rock asphalt too, and this is said to be like the kind found at Bina. 
The material called spinos, mentioned in the next section, was 
probably a solid bitumen, and this also suggests that the stones 
found at Bina were asphaltic in nature. The only objection to such 
an identification is that bitumens are not of frequent occurrence 


within the boundaries of ancient Thrace. There is a possibility 
55 De Aedificiis, IV, 4. 56 S.v. Bévva. 57 Sec. 115. 


. 8o- 


COMMENTARY 


that the “stones” found at Bina were lignite, or some related non- 
asphaltic pyrobitumen, though the fact that Theophrastus men- 
tions lignite separately in section 16 makes this identification 
somewhat unlikely. 


13. spinos. 


The only other ancient work in which this mineral substance is 
named seems to be the De Mirabilibus Ausculiationibus. Here it 
is briefly mentioned in two separate passages. The passage in sec- 
tion 33 may be translated as follows: “And in Thracian Bithynia 
the so-called spinos is found in mines, and they say that fire is 
kindled from it.” And section 41 states that spinos burns when it is 
cut up and put together again and sprinkled with water. 

Since Bithynia was the name of a province in Asia Minor, it 
might seem that a geographical contradiction exists in the first 
of these two passages, but it is clear from an account of Strabo"? 
that there were Bithynians living in Thrace, and in fact the in- 
habitants of the province of Bithynia originally came from Thrace 
to Asia Minor. Both these passages show, therefore, that spinos 
was a combustible mineral substance found in Thrace. 

The behavior of spzzos when moistened with water suggests 
that it was the same mineral substance as the Thracian stone 
mentioned by various ancient authors, such as Nicander,” Dios- 
corides," and Pliny." Hence spinos appears to have been an early 
name for Thracian stone. Though it is impossible to identify 
it with any degree of exactness, spinos or Thracian stone was 
probably some kind of asphaltic bitumen. Some have suggested 
that Thracian stone was lignite or brown coal,” and others have 
identified it as ordinary bituminous coal,” or, in an attempt to 
account for its peculiar behavior with water, as coal containing 
pyrite.” The conjecture of Stephanides" that it was an asphaltic 

58 XII, 3, 3. 59 Theriaca, 45. 

$0 V, 146 (Wellmann ed., V, 129). Wherever the Materia Medica of Dioscorides is 
mentioned, the first reference is to the German translation of Berendes and the second 
is to Wellmann’s edition. 

81 XXXIII, 94. 
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lignite is probably nearer the truth. It is not improbable that spinos 
and the combustible "stones" found at Bina were merely varieties 
of the same mineral substance, different perhaps in respect to 
asphalt content, or possibly only in superficial appearance. That 
the ancients confused the various sorts of solid natural bitumens 
is fairly certain; even in modern times their classification has been 
a difficult problem. 

The origin of the word spinos is obscure, and even the quantity 
of the first vowel is uncertain. It seems better to write omívos in 
the text, following Bekker in his edition of Aristotle, rather than 
omivos, which Wimmer prefers. 


13. ¿n mines. 

The actual reading of the manuscripts is év rots perdAdous (“in 
the mines"), but Wimmer changed this to rots (avrots) peráA- 
Aous (“in the same mines"), meaning the mine at Bina men- 
tioned in section 12. This emendation is supported by the passage 
in De Mirabilibus Auscultationibus which states that spinos was 
found in minces in a certain part of Thrace, by the fact that Bina 
was located in Thrace, and by the apparent similarity of spinos 
and the "stones" found at Bina. Nevertheless, it by no means 
follows that spinos was mined at Bina, and Wimmer's emenda- 
tion has not been adopted. 


13. If this is cut up and the pieces are piled in a heap, 
it burns when exposed to the sun, and it does this all the 
more if it is moistened and sprinkled with water. 

This statement probably describes the spontaneous combustion 
of a pile of bituminous material. Dry piles of such materials often 
ignite spontaneously under the proper conditions, as has been 
observed repeatedly with unventilated piles of ordinary coal. The 
last part of this statement, which is probably based on uncritical 
observation, describes the effect of throwing water on a pile of 
smoldering bituminous material. The clouds of smoke and steam 
are regarded as a sign of increased combustion. All the other 
ancient writers who describe the Thracian stone, some of whom 
certainly made use of this passage in Theophrastus, entirely mis- 
understood the reasons for its combustion, as is evident from their 
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accounts. Nicander™ states that Thracian stone flames up when 
it is moistened with water and is quenched by oil. Dioscorides" 
increases the marvelous nature of the phenomenon by stating 
that the stone was ignited by water and quenched by oil. Pliny? 
discusses the heat that is developed when water is added to Thra- 
cian stone, which he compares with lime, and also says that it 
could be quenched with oil. Evidently the story increased with 
the telling. Theophrastus was apparently the first to mention spon- 
taneous combustion. Moreover, he seems to have been the only 
ancient writer to allude to this phenomenon in a reasonably clear 
and rational manner. 


14. Liparean stone. 

This was evidently named from the volcanic group, called at 
present the Lipari Islands, lying off the northeastern coast of 
Sicily. These islands are still the scene of much volcanic activity. 
The locality and the description leave little doubt that this so-called 
Liparean stone was what we now call obsidian. Large quantities 
of this dark volcanic glass occur at certain places on these islands. 
The mention of pumice in connection with the Liparean stone 
supports the identification, for both these varieties of glassy rhyo- 
lite or liparite commonly occur together, often in the very way 
described by Theophrastus. 

Stephanides," on the basis of a very literal interpretation of 
the statements in this section, identified this Liparean stone as a 
combustible mineral substance, possibly a volcanic rock impreg- 
nated with asphalt, but it is clear from what Theophrastus says 
in sections 19 and 20 about the creation of pumice by fire that 
combustion in the modern sense of the word is not to be under- 
stood here. The ancients apparently made little or no distinction 
between actual burning and the phenomena connected with 
molten material at a high temperature. Thus when pumice was 
formed by the expulsion of gases from molten volcanic glass at 
the time of solidification, this did not seem to differ from the com- 
bustion of a mineral substance such as lignite, especially since the 

66 Theriaca, 45. 97 V, 146 (Wellmann ed., V, 129). 
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end products, pumice in the one case and ash in the other, are 
somcwhat similar in superficial appearance. 

Obsidian from the Lipari Islands and the neighboring volcanic 
regions was used from early times for ornamental and useful pur- 
poses by the peoples of the Mediterranean region, as is clearly 
shown by the numerous archaeological finds."? 

Theophrastus appears to be the first writer to give a distinctive 
name to obsidian, though it is not improbable that the black stone 
mentioned by Plato" was also obsidian. Pliny™ called it obsiana 
(neuter plural); this spelling appears in Mayhoff's text, but there 
is a variant reading, obsidiana, which is the origin of the present 
English name. 


14. Melos. 

This is an island of volcanic origin in the southern Aegean about 
halfway between Crete and the southern tip of Attica. In his ref- 
erence to the pumice of Melos, Theophrastus seems to mean that 
it occurred in separated cells in the solid rock, though this was not 
obsidian. Probably he refers to the occurrence of pumice in ordi- 
nary rhyolite. 

Pumice is abundant both on the Lipari Islands and on Melos, 
and these localities are leading commercial sources at the present 
day. Theophrastus refers to pumice in more detail in sections 19, 
20, 21, and 22. See also the notes to these sections. 


15. Tetras. 


It is clear from the reference to Lipara that this was situated some- 
where in the northeastern corner of Sicily. This locality is not 
mentioned elsewhere. Though it is very brief, the statement about 
the stone found at Tetras shows clearly that it was some volcanic 
product similar to the one mentioned in the preceding section. 


15. Erincas. 


This name is not found elsewhere. Strabo” mentions a town, 


TO H. Blümner, Technologie und Terminologie der Gewerbe und Künste bei Griechen 
und Romern (Leipzig, 1875-1887), Vol. III, pp. 273-74; J. R. Partington, Origins and 
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T! Timaeus, 60D (rà uéAa» xp$pa txor el8os). 

T? XXXVI, 196. 78 IX, 4, 10. 


- 84 ` 


COMMENTARY 


Erineos, which was in Doris in central Greece, but evidence for 
connecting it with the promontory called Erineas is lacking. 
Though the text does not actually say so, it seems probable that, 
like Tetras, this was a place in Sicily. The similarity of the stone 
found at Erineas to those at Bina, the odor on burning, and the 
appearance of the residue after combustion, all tend to show that 
it was a bituminous product such as rock asphalt. The occurrence 
of great quantities of this material in Sicily lends considerable 
support to this identification. The deposit at Ragusa, for example, 
which forms a bed 10 to so feet thick and 1,600 to 2,000 feet long, 
is one of the largest in Europe, and, in spite of the fact that it has 
been worked for a long time, recently over 100,000 tons of rock 
asphalt have been obtained from it annually. Smaller deposits of 
commercial importance occur at Modica and Scicli in the same 
region. The rock asphalt in these localities is a soft fossiliferous 
limestone containing from 2 to 30 per cent of actual asphalt.'* If 
one assumes that Erineas was in Sicily, the combustible stone 
found there could not have been some non-asphaltic pyrobitumen 
such as coal or lignite, for these do not occur on the island." 


15. the stone found at Bina. 
The reading rà ë Bivass is the emendation of Turnebus. The 
manuscripts have rats xivass, but this makes no sense. Binai has 
already been mentioned in section 12. 


16. Among the substances that are dug up because 
they are useful, those known simply as coals are made of 
earth, and they are set on fire and burnt like charcoal. 
Here Theophrastus mentions Liguria, a coastal district in north- 
western Italy, and Elis, the district in Greece in the northwestern 
part of the Peloponnesus, where Olympia is situated. Some com- 
mentators on this interesting passage have concluded that Theo- 
phrastus is referring to anthracite or to bituminous coal. Certain 
considerations, however, make it very improbable that this con- 
clusion is justified. One is that true coal does not occur in Greece, 


T4 H. Abraham, Asphalts and Allied Substances (New York, 1945), Vol. I, pp. 229- 
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and, though small deposits of anthracite are to be found in the 
Western Alps in the extreme north of Italy, the most abundant 
type of non-asphaltic pyrobitumen that is found in the region 
once known as Liguria is lignite, and this is also of fairly common 
occurrence in Greece.™ Some important evidence is also given by 
Theophrastus himself in his treatise On Fire (sec. 75), where he 
explains why prepared coals (ie, charcoal) are blacker than the 
kind that are dug up. This seems to indicate clearly that the latter 
was brown coal or lignite. The allusion in the present passage to 
the earthy nature of these coals leads to the same conclusion. It 
is interesting to note that at the present time lignite is mined on a 
large scale for domestic and industrial purposes in the same part 
of Italy. Large quantities are also mined in Greece. 

Even though this passage does not refer to the use of true coal, 
it is nevertheless of historical importance as containing the ear- 
liest known account of the use of a mineral product for fuel. The 
use of lignite is scarcely mentioned elsewhere in ancient literature. 
Apart from Antigonus of Carystus," who says that according to 
Theopompus coals were dug up for use in the neighborhood of 
the Thesprotians, Theophrastus appears to be the only ancient 
writer who touches on the subject. Hence it seems almost certain 
that lignite was not commonly employed in ancient times. From 
what Theophrastus says, it is not certain to what extent lignite 
was used as a general fuel, since he merely states that metal work- 
ers made use of it. They probably found it of special value for the 
operation of forges and furnaces. Modern writers on ancient tech- 
nical processes have often assumed that wood and wood-charcoal 
were the only fuels available and in use among the Greeks and 
other ancient peoples, but this passage gives unquestionable evi- 
dence of the use of mineral fuel, at least in certain industrial arts. 


16. amber. 
This is mentioned again in section 29, where it is said to be found 
in Liguria, but that is certainly incorrect. See the notes on section 
29 for a discussion of this question. 
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17. In the mines at Scapte Hyle a stone was once found 
which was like rotten wood in appearance. Whenever oil 
was poured on it, it burnt, but when the oil had been used 
up, the stone stopped burning, as if it were itself unaffected. 
Scapté Hylé was a mining district in Thrace opposite the island 
of Thasos in the Northern Aegean. According to Davies" the 
modern Eski Kavala is perhaps the district. In Wimmer's text 
the name appears in the genitive case and is written as one word 
(SxamrnovAns), but the true nominative form is Xxarr7) “TAH 
(“a forest that may be dug"). In the manuscripts the name ap- 
pears as two words, éyxazris 05s, and the first includes the 
preposition év. Turnebus changed this to év oxamrnovAns. The 
Latin name is Scaptesula, but Scaptensula is the spelling found 
in Lucretius.” 

Something seems to be lacking in this passage. Does Theo- 
phrastus mean that the stone became ignited as soon as oil was 
poured upon it, or does he mean that when oil was poured upon 
the stone and ignited, it then burnt away, leaving the stone in its 
original state? The second meaning certainly seems more proba- 
ble, though the first one may well have been what Theophrastus 
intended; for when ancient authors say that Thracian stone and 
other combustible mineral substances are ignited by water and 
extinguished by oil, they seem to regard this as a phenomenon 
worthy of special mention, because it is opposed to the normal 
order of things. It is untrue, however, that any mineral can be 
ignited by the mere act of pouring oil upon it. If such a notion 
was held by Theophrastus and other ancient writers, it probably 
originated from distorted hearsay evidence or from false reasoning 
divorced from experience. 

Moore" thought that Theophrastus was really referring to as- 
bestos. The color of the stone makes this unlikely, though its struc- 
ture makes it less improbable, since some forms of decayed wood 
do have a fibrous structure like asbestos. We know from state- 
ments of various early authors that asbestos was known in an- 

78 O. Davies, Roman Mines in Europe (Oxford, 1935), p. 235. 
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tiquity, and that it was mainly used for the manufacture of in- 
combustible cloth, though evidently wicks for oil lamps were 
also made of it. Moreover, direct evidence of the use of asbestos 
by the ancients has been obtained in modern times by the dis- 
covery of ancient garments woven from this mineral.? It is, how- 
ever, unlikely that Theophrastus is alluding to asbestos, since the 
mineral does not occur in the locality mentioned. There were only 
two known sources of asbestos in Greece and its vicinity in ancient 
times: Karystos at the southern extremity of the island of Euboea, 
and a place to the southeast of Mt. Troodos on Cyprus, where the 
abandoned workings are still to be seen today. 

It is much more probable that Theophrastus is referring to the 
well-known brown fibrous lignite, which in appearance and in 
other respects very often closely resembles rotten wood. Lignite 
of various kinds is known to occur in the region named by Theo- 
phrastus. He seems to be pointing out that when oil is poured 
on this material and ignited, the oil burns away without igniting 
the material, though this would be combustible under the proper 
conditions. Lignite of the kind to which he apparently refers often 
contains in its natural state as much as 20 per cent of water; thus 
it cannot readily be ignited, though it is combustible when it is 
properly dried out, and this soon happens if, for example, it is 
placed on a bed of glowing coals. As Theophrastus shows in the 
last sentence of this section, he is dealing here and in most of the 
preceding sections of this chapter with mineral substances that are 
actually combustible. The discussion of incombustible minerals 
is taken up in the next chapter and, if the interpretation of this 
passage is correct, his description of a combustible mineral sub- 
stance which under certain conditions is incombustible affords a 
logical transition to his next general topic. Indeed, since Theo- 
phrastus in other places in this treatise makes similar transitions, 
this peculiarity of his style might possibly be taken as additional 
evidence in support of this identification. 


17. Whenever oil was poured on it, tt burnt. 
In this passage the optatives émyéorro and éxxavein, which are 
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used with óre, are followed by verbs in the present tense instead 
of the imperfect, which would be usual. The manuscripts have 
éxkaierat, which Aldus changed to xateras, and róre maveroa. It 
would be possible to emend the text and to read éxaiero and ror’ 
éraero, but it is not certain that Theophrastus would have felt 
obliged to follow the strict sequence of tenses. It is, however, 
necessary to translate éxkaéeraa as "it burnt” rather than “it burns.” 
It seems better to restore éxxaierat, the reading of the manuscripts, 
especially since éxxavOein follows; here Wimmer has taken the 
reading of Aldus. 


18. anthrax. 

This appears to have meant originally a glowing live coal; the 
word was used later, as Theophrastus uses it here, to mean a 
transparent precious stone of a deep red color. It appears to have 
been first used as the name of a gem by Aristotle, who says that 
“the seal-stone called anthrax is the least (affected by fire) of all 
the stones." Theophrastus, however, is the first to give descrip- 
tive details by which the stone can be identified. Though anthrax 
was probably a generic term that could have been applied equally 
well to the ruby, red spinel, or red garnet, it is fairly certain from 
the evidence available that the stone designated by this name was 
nearly always red garnet at the time of Theophrastus. In the first 
place, no engraved rubies or spinels dating from the Hellenistic 
period are known with certainty, whereas many engraved garnets 
have come down to us and exist today in various museums." In 
the second place, the ruby, with its high degree of hardness, could 
not normally have been used for seals by the Greeks, since they 
would have experienced great difficulty in engraving this stone 
with the abrasives then available. Garnet, on the other hand, with 
its lower degree of hardness, offered no such technical difficulty. 

It is worth noting that when Theophrastus begins to discuss 
incombustible stones, he mentions a variety which seems to be 
related to combustible stones by its name and appearance, and 
thus he makes an easy and not illogical transition from one class 

83 Meteorologica, IV, 9, 387B (17). 
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to the other. It is clear from the brief remark of Aristotle quoted 
in the preceding paragraph that Theophrastus was not the first 
to notice that anthrax could not be burnt. It is easy to understand 
why philosophers of the Peripatetic school would emphasize the 
paradox involved in a stone, which, though connected with fire 
by its name and appearance, was itself incombustible. As a matter 
of fact, garnet, though quite incombustible, is more readily 
changed by fire, owing to its lower melting point, than the dif- 
ferent varieties of quartz from which most of the seals were made 
at the time of Theophrastus. 


18. One might say that it has great value; for a very 
small one costs forty pieces of gold. 
Probably the reference is to gold staters of Alexander III or his 
father Philip II of Macedon, which were in common use at the 
time; each of them weighed about 8.6 grams but had a much 
greater purchasing power than modern coins of the same precious- 
metal content. King" thought that in an age of extended com- 
merce such a high price could scarcely have been paid for a stone 
as common as garnet, and it was largely because of this that he 
identified this first anthrax mentioned by Theophrastus as the 
ruby. However, engraved garnets first appeared in the Hellenistic 
period, as is shown by the surviving examples; possibly they were 
introduced during the lifetime of Theophrastus, and since they 
may have been a scarce and highly prized novelty at the time of 
their introduction, the price mentioned does not seem excessive. 
Furthermore, flawless garnets of brilliant red color are much 
scarcer than good specimens of the various kinds of quartz that 
the ancient Greeks valued highly as precious stones. It should not 
be forgotten that stones which were highly prized by the ancients, 
although apparently very costly at the time, would not usually be 
termed precious today; most of them would be rated as semi- 
precious, or even less valuable, stones. 


18. Carthage and Massalia. 
Since Carthage in North Africa and Massalia at the site of mod- 
ern Marseilles were both important seaports, it must be under- 
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stood that these were merely points of export, not the localities 
where the garnets were found. Cora&s"* suggested that MacavAías, 
a district in the country behind Carthage, should be the correct 
reading here. Though it is true that Strabo mentions only locali- 
ties 1n North Africa as western sources of these precious stones, 
the more comprehensive list of Pliny" includes Massilia (Mar- 
seilles) and Olisipo (Lisbon) as well. Theophrastus mentions Mas- 
salia again in section 34 as a place from which precious stones 
were obtained. On the whole, the conjecture of Coraes is not 
plausible enough to justify an alteration of the text. 


19. The stone found near Miletus does not burn; it t$ 
angular and there are hexagonal shapes on it. It ts also called 
anthrax, and this 1s remarkable, for in a way the nature of 
adamas ts similar. 

The kind of anthrax found near Miletus on the western coast of 
Asia Minor evidently had a striking and peculiar form. Theo- 
phrastus appears to be speaking of a well-crystallized mineral with 
hexagonal facets. It is significant that both garnet and spinel often 
occur crystallized in this manner. Of the two, spinel seems more 
likely, since the anthrax mentioned in the present section is ap- 
parently different from the kind described in section 18, which 
was almost certainly garnet. Since the anthrax of this passage is 
said to be like adamas, it is even more likely that it was spinel. 
Though adamas seems to have been a general term used for 
several minerals that were unusually hard, the descriptions of 
Pliny" suggest that it generally referred to corundum, particularly 
the mixture known as emery; this frequently contains spinel in 
addition to corundum, and almost invariably magnetite, which 
is very similar to spinel in crystal form. The occurrence of large 
deposits of emery in Asia Minor not far from the site of ancient 
Miletus supports the relationship between this kind of anthrax 
and adamas. Most of the emery in these deposits contains only 
about 50 per cent of corundum, and the remainder consists of the 
associated minerals. Though it is remarkable that this particu- 
86 Ed. of Strabo, IV, 357. 87 XXXVII, 92-97. 
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lar mineral should have been called anthrax, the explanation may 
be that spinel not only occurs in the red transparent form, to 
Which this name was applicable without question, but also in 
dark or black varieties that resemble the magnetite which is often 
the most conspicuous component of emery. However, when an- 
thrax is said to be similar to adamas, the reference may be, not 
to form or color, but rather to hardness, the special property for 
which adamas was noted. That would also identify this type of 
anthrax as spinel rather than garnet, since the hardness of spinel 
is close to that of emery, whereas the hardness of garnet is dis- 
tinctly lower. 


19. This power of resisting fire does not seem to be due 
to the absence of motsture, as is true of pumice and ashes. 
For these cannot be set on fire and burnt, because the mots- 
ture has been removed. 

According to certain theories of Aristotle? which Theophrastus 
appears to follow closely here, stones like anthrax are incombus- 
tible because they contain no moisture and hence lack pores of 
the proper size to admit fire. For much the same reason pumice 
and ashes are also incombustible; the difference is that they are 
produced from materials which originally contained moisture, 
whereas incombustible stones are free of moisture from the be- 


19. pumice. 
In the manuscripts this word appears as kioonpts, except in one 
place in this section where it is xirnpus. The correct form is kion- 
pts, which is used by all authors except Theophrastus. The de- 
scriptions in sections 20, 21, and 22 indicate that the word some- 
times denoted certain cellular or friable rock material that would 
not now be called pumice, but the localities that are mentioned 
show that ordinarily the term had the same meaning that the 
word pumice has today, and for that reason it has been so trans- 
lated. Pliny? shows that the corresponding Latin word pumex also 
had a slightly broader meaning than the modern term, though it is 
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equally clear from his account that the word normally had the 
same significance. 


19. some think that pumice is formed entirely as a re- 


sult of burning. 

The ancients apparently made little or no distinction between true 
combustion and other high-temperature phenomena, as was 
mentioned in the notes on section 14. Evidently fire was a term 
that included all phenomena involving light and a high tempera- 
ture. Therefore, when Theophrastus speaks of the origin of 
pumice from burning, combustion is not to be understood, but 
rather the formation of this material in the usual way by the ex- 
pulsion of gases from molten lava. Superficially, of course, this 
process sometimes closely resembles actual combustion, especially 
when, as often happens, the gases evolved in the volcanic action 
take fire. 


19. with the exception of the kind that is produced from 


the foam of the sea. 
The pumice that was thought to be produced from foam is clearly 
the same as the floating pumice still found around the shores of 
islands in the Aegean Sea. Such pumice emanates from the active 
volcanic island of Thera (Santorin), where considerable quantities 
are to be seen floaung on the surface of the water. Theophrastus 
evidently believed that it was formed in some way from the foam 
of sea water. This notion may have been obtained from Aristotle, 
for in a treatise On Plants usually ascribed to the latter, a theory 
is advanced to explain how floating stones could be formed from 
sea water." According to the author” of this treatise, such stones 
were produced by the violent collision of one wave with another. 
First of all, foam is produced which congeals with the consistency 
of oily milk. When the water is dashed against sand on a beach, 
the sand collects the fat part of the foam, which dries with an 

82 De Plantis, II, 823B. 
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excess of salt from the water, so that the particles of the sand 
cohere and ultimately become stones. 


20. the porous stone which changes to pumice when 

it 15 fired. 
Both the name and the nature of this stone are uncertain. Wim- 
mer retains the manuscript reading 9uagápov, which is accepted 
by all the editors except Hill, who substituted the word 'Apaguo 
(printed incorrectly with a rough breathing) and translated 
it as "Arabic stone,” which according to Dioscorides? and Pliny?" 
is a substance resembling ivory. There seems to be little justifica- 
tion for this conjecture. Since Theophrastus is discussing pumice 
and similar cellular stones, it seems probable that there is merely 
a slight error in spelling and that the reading should be 8a8ópov, 
a word meaning "porous" The stone itself may have been a 
volcanic tufa of some kind. 

The negative où, which occurs before xoonpoôra in the Aldine 
edition but is not in the manuscripts, is a difficult reading to in- 
terpret. If it is accepted, the passage refers to a stone which "does 
not change to pumice when it is fired.” However, the ov in the 
Aldine edition is in the form of an abbreviation of the same size 
as the relative pronoun 5j (“which”); this occurs in manuscripts B 
and C, though 5j is written with a smooth breathing in manuscript 
A. Most of the editors prefer 7j kaí (1.e., “which also changes"), 
but Wimmer accepts the reading of Aldus. Since this 1s the more 
difficult reading and therefore harder to explain, it 1s easy to see 
why Wimmer felt obliged to adopt 1t. Actually, the evidence of 
the manuscripts seems to carry more weight, and the acceptance 
of the reading 7 would make it easier to understand the meaning 
of the passage. There are many misprints in the Aldine edition; 
it is quite possible that the abbreviation representing ov is not 
correct, and there is no evidence that Aldus had another manu- 
script from which he might have obtained this reading. It seems 
best to accept 7, since it appears in two of the manuscripts. If 
3 ("or"), which appears in A, is correct, then some other verb 
must have dropped out before it; but it 1s possible that the smooth 
breathing is a mistake, and certainly À provides no evidence of a 
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negative. The genitive rs dAoyoupevns is also a problem, since 
N $Xoyovpévg (“which when it is fired") might be expected. 


20. for pumice is found especially in places that . . . 
The phrase év roîs is incomplete. The meaning seems to be "in 
places like this," i.e., in craters of volcanoes. Schneider suggested 
èv Tots (Katopévors ), which would mean "in places that are on 
fire.” Turnebus gives in ardentibus as a Latin translation. A word 
ending in -rors might easily have dropped out after év rots. Thus 
qupikavotos would mean “places that have been subjected to 
burning." Other possibilities are év roúrors (“in these places") or 
év Tots Totovrois ("in such places"). 


2l. Nisyros. 
This 1s an island of volcanic origin in the southern Aegean near 
the coast of Asia Minor. Eruptive rocks of various sorts are 
found there. From the description it seems likely that the ma- 
terial that was found was a loosely compacted volcanic tufa or 
ash rather than a pumice, though the reference may be to an 
especially soft and friable kind of pumice. 


2l. The kind found in Melos is all . . . but some. 
Since an adjective seems to be missing after waca pév, Schneider 
suggested that évia 8° a might be changed to ev@pavoros (“eas- 
ily broken"). followed by év Aí8« 5€; but Stephanides proposed 
axedov ws év Nwpo (“almost as in Nisyros"), followed by ¿ua 
Š av. 

22. They differ from one another in color, density, and 


weight. 
It should be noted that the various kinds of pumiceous or scori- 
aceous rocks are distinguished only by their physical characteris- 
tics, for no hint is given that Theophrastus may have considered 
possible differences in composition. 

22. the kind that comes from the lava stream in Sicily is 
black. 
This black variety probably would not be termed pumice in our 


modern system of classification, but rather volcanic scoria. The 
article (7) is needed and has been added to the text. 
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22. the malodes. 

The word uaXó8«s, which is the reading of the manuscripts, 
does not occur elsewhere. It is possible that it is a mistake for 
podés, meaning “quince-yellow,” and could be called “a pale 
yellow kind,” though such an adjective should have the article 7 
before it. It was evidently taken so by Stephanides, who trans- 
lates it into Modern Greek as dzroxirpwos. Pumice made yellow 
by disseminated sulfur is a material of common occurrence in 
Sicily and the neighboring volcanic islands. However, there have 
been other interpretations. Turnebus changed the word to åì- 
pons," Furlanus preferred pvdddns (“a millstone”), and Schnei- 
der suggested ý Mya (“the Melian stone”). Stephanides” finally 
decided in favor of ñ pvdAwdys, but it is hard to say which is cor- 
rect. It seems best to add (7) to the text. 


22. The one that comes from the lava stream can cut 
better than the white kind. 
This is another indication that the black "pumice" was volcanic 
scoria and the white kind our ordinary pumice. It is interesting 
to note that Theophrastus, when he refers to the practical value 
of pumice, alludes only to its use as an abrasive. Later ancient 
writers emphasize medicinal uses. This explains why white 
pumice is here considered a less desirable kind, whereas such 
writers as Dioscorides" and Pliny"? state specifically that the best 
pumice is recognized by its white color, its lightness, and the ease 
with which it can be powdered. 


22. but the kind that comes from the sea itself cuts best 
of all. 


This is another reference to the floating pumice mentioned in sec- 
tion 19 and discussed in the notes on that section. The article (7) 
has been added to the text. 

96 The Mineralogy of Theophrastus, p. 111. 
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Plants, VIII, 7, 6). 

98 M. K. Stephanides, Athena, XIV (1902), 368. 

99 V, 124 (Wellmann ed., V, 108). 

100 XXXVI, 154-56. 


- 96 * 


COMMENTARY 


22. But we must consider elsewhere the causes of the 
differences between stones that either burn or do not burn. 
This vague promise or cross reference is similar to the one at the 
end of section 38 and very similar to the one at the end of the 
last section of the treatise Oz Fire. No further treatment of com- 
bustible and incombustible stones is to be found in any other ex- 
tant work by Theophrastus. He does, however, in his History of 
Plants," give some additional information about pumice. 


23. sardion, taspis, and sappheiros. 
For the identification of these stones, see sections 30, 27, and 37 
respectively. 


23. smaragdos. 

Though the word “emerald” is derived from the Greek opapayédos, 
which has often been translated in this way, the accounts of early 
writers show clearly that in ancient times various stones of pro- 
nounced green color were listed under this name. The statements 
of Theophrastus make it doubtful whether true emerald was even 
known to him, and there appears to be no certain evidence on 
other grounds of its use among the Greeks. On the other hand, 
the more detailed descriptions of Pliny"? indicate that emerald 
was known as smaragdus in his day, and archaeological discov- 
eries afford ample proof that the Romans made use of this precious 
stone.™ But Pliny,'°* who states that there were twelve different 
kinds of smaragdus and describes some of these varieties, makes 
it clear that a number of minerals other than the particular variety 
of beryl called emerald were included under the ancient name. 
Though it is impossible to determine with certainty what all of 
these were, probably any transparent or translucent green mineral 
that resembled emerald, even one as common as green quartz, 
would have been classified under smaragdus, and Pliny’s descrip- 
tions and the localities that he mentions indicate that certain copper 
minerals, such as malachite, were classified in this way. It is also 
probable that imitation green stones composed of glass or stained 

101 IX, 17, 3. 102 XXXVII, 62-73. 
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rock crystal were given the same generic name. Pliny’® alludes 
to the existence of books which contained directions for staining 
quartz in imitation of smaragdus and other precious stones, a 
fraud, he remarks, that was more lucrative than any other. Sene- 
ca"" also mentions the staining of stone to resemble smaragdus. 
The Stockholm Papyrus, which contains numerous recipes for 
the imitation of precious stones by the staining of rock crystal, 
shows that there was a substantial basis for these remarks. Ac- 
cording to this papyrus,’ green precious stones were counter- 
feited by applying copper salts and organic coloring materials to 
quartz after its surface had been roughened. Rock crystal colored 
in this way could not have passed for a clear transparent green 
stone like emerald, though counterfeit stones of this kind may 
well have been a tolerable imitation of translucent green quartz. 
Whether such imitations passed for natural stones is uncertain, but 
the wording of the recipes indicates, at least, that they were known 
by the name smaragdos without qualification. Since the recipes 
given in the papyrus for imitating this particular stone are about 
equal in number to all the recipes for imitating other kinds of 
stones, it is clear that these counterfeit green stones were frequently 
used by the ancients. 


23. it makes the color of water Just like its own. 
This supposed property of smaragdos is not mentioned by any 
other ancient writer, though Pliny" in a somewhat analogous 
passage remarks that from a distance such stones appear larger 
than they really are, because their green color is reflected by the 
surrounding atmosphere. Some commentators have supposed that 
this statement of Pliny was based on a misinterpretation of the 
present passage in Theophrastus, and King" even supposed that 
Pliny's account represents the original sense of the Greek passage, 
and that vdaros (“water”), which now appears in the text, is a 
corrupt reading for dépos (“air”). Actually, the statement of Pliny 
is so different that it is unlikely that he paraphrased or even used 

105 X XXVII, 197. 106 Epistulae Morales, 90, 33. 
107 O. Lagercrantz, Papyrus Graecus Holmiensis (Uppsala, 1913), pp. 7-8, 11-13, 
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Theophrastus at this point. When Theophrastus says that water 
is colored by smaragdos, his statement apparently has a rational 
basis, for under proper conditions bright green stones do impart 
a greenish cast to the water in which they are submerged. The 
phenomenon is best seen when the illumination is oblique and 
the stone is placed in a small opaque white vessel. It is rather 
curious that the same property is not ascribed to precious stones 
of other colors, for these can also impart their color to water 
through reflection, especially when they are transparent and 
highly colored. However, few of the stones used for seals by 
the ancients were as brightly colored as smaragdos, and this may 
be the reason why the effect was noted only in the case of this one 
stone. It is possible, too, that Theophrastus may have based his 
statement on a single observation of smaragdos and that he did 
not attempt to experiment with other stones to see if they behaved 
in a similar way. 


24. Itisalso good for the eyes, and for this reason people 
carry seals made of tt, so as to see better. 
The verb BAézew without a preposition following it does not 
mean “to look at” but “to see,” and some adverb like eù (“well”) 
is really needed here for clarity. The meaning must be “to see 
better" or “to improve their sight.” Pliny“? dwells at length on 
the pleasing green color of smaragdus and its supposed beneficial 
effect on the eyes. Though Theophrastus classifies smaragdos as 
one of the stones on which seals are engraved, Blümner'" inferred 
from the wording of this particular passage that the allusion is to 
uncut ring stones. This conclusion is apparently supported by 
Pliny’s statement'? that it was forbidden to engrave the surface 
of smaragdus. Since Roman emeralds were rarely engraved, Pliny’s 
statement seems to be confirmed, and it is probable that he is 
speaking of true emeralds at this point." However, since no 
emeralds of purely Greek provenance have been found, it seems 
reasonably certain that Theophrastus is not alluding to emerald 
110 XXXVII, 62-63. 
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here. The early Greek gems described by Furtwángler"* which 
are green in color are all made of quartz, and it is very probable 
that here, and in the previous sections where Theophrastus says 
that smaragdos was used for seals, green quartz in the form of 
plasma or prase is to be understood. 


24. But it is rare and of small size, unless we are to be- 

lieve the records about the Egyptian kings. 
Elsewhere in the treatise Theophrastus alludes to the scarcity or 
small size of the smaragdos (secs. 8, 26, 27, 34), and some writers"'* 
have concluded that emerald is meant whenever he alludes to the 
stone in this way. There is, however, no evidence that Theophras- 
tus ever used the name smaragdos for an emerald. Moreover, the 
stones listed with it in section 8, which he describes as small and 
rare, are not especially rare and are not always small. In these 
respects they differ little from plasma or prase. Therefore, when 
Theophrastus refers to smaragdos in this way, he may well be 
speaking of the green quartz commonly used as a seal stone by 
the Greeks. 

Although there was probably some real basis for the reports 
about smaragdoi of great size, Theophrastus shows clearly by his 
wording that he hesitated to accept these accounts without ques- 
tion. This was not because he thought that green stone objects of 
large dimensions did not exist, but because he doubted that the 
kind used for seals ever occurred in large masses. Certainly, if the 
accounts concerning them were not mere inventions or gross exag- 
gerations, these large Egyptian smaragdo: could not have been 
actual precious stones. It is possible, however, that they may have 
been composed of malachite, which even now is sometimes re- 
garded as a semiprecious ornamental stone. This native copper 
carbonate has been found in the form of solid blocks weighing 
several thousand pounds; in fact, it is the only bright green min- 
eral substance that occurs in such large pieces. In modern times 
the copper mines in the Ural Mountains have been the source of 
some very large blocks of malachite. For example, the largest 

114 Die antiken Gemmen, Il, 37-69, 152-53. 
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piece of flawless malachite said to have been found in the mines 
at Gumeshevsk weighed about 3,000 pounds, and in 1855 a mass 
was found at Nizhne-Tagilsk that weighed around 50,000 pounds, 
though this was of inferior quality."^ It is quite possible that 
single pieces of malachite of huge size were also found in the 
early stages of working some of the great copper deposits of an- 
tiquity. That the mineral was available to the Egyptians is certain, 
since malachite was evidently the chief ore in the copper mines 
of the Sinai Peninsula, which were for centuries important sources 
of copper and copper minerals for Egypt." The block of smarag- 
dos (6 x 4V, ft.) that is said to have been sent to Egypt by a 
Babylonian king is as large as some of the modern objects made 
of polished malachite, such as the table tops, bathtubs, and panels 
for walls or columns which can be seen in certain European mu- 
seums and other buildings, but it is improbable that malachite 
could have been the material of the four stones about sixty feet 
long mentioned as being placed in an obelisk. However, in the 
next section, where Theophrastus mentions a large pillar of green 
stone, he definitely suggests that this may have been composed of 
false smaragdos, a term that almost certainly denoted malachite. 
But this statement cannot provide a definite identification, since 
it is apparent that Theophrastus had no first-hand knowledge 
of the substance from which these large objects were made. The 
tradition that the malachite columns now in the church of Hagia 
Sophia at Constantinople originally came from the temple of 
Diana at Ephesos"* suggests that large pillars of malachite actu- 
ally existed in antiquity. It seems probable, therefore, that these 
Egyptian smaragdoi were composed, at least in part, of malachite, 
unless they were made of some common massive green rock such 
as serpentine, which is known to occur frequently in Egypt." 
But there is a serious objection to identifying them as serpentine 
or some other green rock; for the term smaragdos was apparently 
applied only to mineral substances of a bright green color. That 
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these huge smaragdoi were made of green glass, as some have 
suggested, is not very probable, because, as Partington"" has 
pointed out, it is very doubtful from a technical standpoint that 
such enormous pieces of glass could have been successfully fash- 
ioned by ancient glassworkers. The existence of large smaragdo: 
in Egypt is mentioned by other ancient writers. Pliny,” for in- 
stance, after quoting the statements of Theophrastus almost word 
for word, mentions a recent example in the Labyrinth of Egypt; 
there Apion saw a colossal statue of Serapis, nine cubits in height, 
which was composed of smaragdus. 


25. tanot. 


In the manuscripts and the Aldine edition, the first part of this 
word is missing and only the last four letters (avóv) have sur- 
vived. Turnebus, who was followed by Hill, thought that the best 
emendation was ravàv; the emendation of Furlanus, which Wim- 
mer preferred, was fakrpiavov. It is true that stones from Bactria 
are mentioned by Theophrastus in section 35, and Pliny’ lists 
the Bactrian as a particular variety of smaragdus. But both Theo- 
phrastus and Pliny say that Bactrian stones are small, whereas the 
stone in question here was evidently a mineral substance found 
in pieces of considerable size. Moreover, as the notes on section 35 
explain, it is highly probable that Pliny classed the Bactrian stones 
as one kind of smaragdus only because he misunderstood the 
meaning of Theophrastus in section 35. The evidence for the read- 
ing ravóv is that Pliny? clearly lists tanos as a kind of smarag- 
dus. He also adds that it came from Persia and was of an un- 
sightly green color. His descriptive details seem to indicate some 
source other than the present passage of Theophrastus, unless the 
information given by Pliny was originally contained in this pas- 
sage and dropped out later. This possibility 1s not at all unlikely, 
since almost all the other passages in this same section of Pliny's 
work are direct quotations from this part of the treatise. It is im- 
possible to determine what was originally written in the lacuna 
before the letters ava@y, and it is significant that De Laet made no 
120 Origins and Development of Applied Chemistry, p. 132. 
121 XXXVII, 74-75. 122 X XXVII, 65. 
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change in the reading of the manuscripts, since he was not satis- 
fied with either of the two proposed emendations. Stephanides 
has recently decided in favor of raváv, and this is certainly better 
than Baxrpiaver. 

Though both the locality and the brief description of tanos 
given by Pliny apply to green turquoise, the large size of the 
stone mentioned by Theophrastus is definitely against this identif- 
cation. Possibly zanos was the proper name for green turquoise, 
and the large slab at Tyre was actually composed of some other 
stone that only resembled this mineral. Theophrastus appears to 
have this possibility in mind when he suggests that the material 
of the slab may have been a “false smaragdos” rather than tanos. 
The former term was clearly used to denote malachite. Green tur- 
quoise and malachite, because of their similar appearance, were 
apparently often confused in ancient times, and this confusion 1s 
not entirely absent from the works of modern writers who have 
attempted to identity the green stones used by ancient peoples.*** 


25. Tyre. 


Very likely Theophrastus obtained part of his information about 
this huge green stone from Herodotus," who visited Tyre and 
saw this remarkable column or slab, which he describes briefly. 
Herodotus says that the column shone at night, and some com- 
mentators have suggested that it may have been composed of 
colored glass with a light inside it.^* Though this seems an at- 
tractive explanation because of the reputed skill of the glasswork- 
ers of Phoenicia," the descriptions apparently refer to a natural 
stone rather than to an artificial material. Furthermore, as was 
pointed out in the notes on section 24, it is highly improbable 
that ancient artisans could have fashioned any very large object 
out of glass. If it was composed of glass at all, this column must 
have been made of numerous small pieces fastened together in 
some way. On the whole, it seems much more probable that it was 

124 Lucas, Ancient Egyptian Materials and Industries, p. 457. 

125 JI, 44. 

126 G. Rawlinson, The History of Herodotus (London, 1858-1860), Vol. II, pp. 81- 
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made of some natural material. Though this may have been 
malachite, serpentine is an attractive possibility, since not only is 
this green stone found in large blocks but some varieties are 
translucent enough to allow light to shine through the stone if 
it is in thin layers. 


25. Herakles. 


In reality, this was probably the Tyrian Melkart, the Baal of the 
Old Testament, whom the Greeks identified with Herakles. 


25. false smaragdos. 

Since this was found in copper mines in pieces of considerable 
size, it seems clear that it must have been malachite, the green 
basic copper carbonate. Probably the term was applied only to 
massive malachite, which was good enough to be used for orna- 
mental purposes, since the earthy forms of this mineral were ap- 
parently included under the name chrysokolla. It is reasonably 
certain that the term “false smaragdos” was not applied to imita- 
tion green stones composed of glass or stained rock crystal. 


25. Chalcedon. 


All the manuscripts have the reading Kapynédom (Carthage), and 
this was accepted by Hill and the editors who preceded him. 
Schneider and Wimmer have changed the name to Xaxqóór 
(Chalcedon). This must be right, as there are no islands near 
the site of ancient Carthage that are known to have any copper 
minerals on them. On the other hand, at least one of the Prince 
Islands in the Sea of Marmora close to the shore of ancient Chal- 
cedon is known to have been the site of ancient copper deposits. 
The author of De Mirabilibus Auscultationibus’* names Anpovn- 
cos (Demonesos) as an island of the Chalcedonians where the 
copper minerals kyanos and chrysokolla were found, as well as 
the copper that was used for making certain ancient statues. 
Pliny? lists Demonnesus as one of the islands in the Sea of Mar- 
mora at the entrance to the Bosporus. This island has been 
plausibly identified with the modern Khalki, upon which there 
are copper minerals and traces of ancient mining operations." 


128 Sec. 58. 129 V, 151, 
130 Pauly-Wissowa, Real-Encyclopádie, III’, p. 2093; V’, p. 145. 
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26. chrysokolla. 


This is mentioned again in sections 39, 40, and 51 as an ore or 
mineral found in mines. Though Theophrastus does not describe 
it anywhere, his repeated allusion to its occurrence in copper mines 
clearly indicates that it was a copper mineral. Later writers also 
mention that it occurred in gold mines, and some of them say that 
it was found in mines containing other metals; but this occurrence 
was evidently due to the presence of copper minerals in such mines, 
as is explicitly stated by Isidorus.'*' In section 39 chrysokolla is said 
to occur in native kyanos, which was azurite, the blue copper 
carbonate, showing clearly that chrysokolla in this case was mala- 
chite, the green copper carbonate." The kind of chrysokolla men- 
tioned in this treatise evidently corresponds to the natural kind of 
chrysocolla mentioned by Pliny" as an exudation or incrustation 
found in mines. Dioscorides"* states that the best kind of chryso- 
kolla was of a leek-green color. The descriptions given by ancient 
writers show that the name chrysokolla or chrysocolla, referring to 
a natural product, was given to any bright-green copper mineral 
that occurred as an earthy incrustation. From this it follows that 
the name must have denoted malachite, green copper carbonate, 
when it was in an earthy form, and also the amorphous green 
copper silicate which is still called chrysocolla at the present time. 
However, the descriptions of Pliny'*" indicate that chrysocolla as 
the name of a mineral was more often applied to malachite than 
to what is now called chrysocolla. From its peculiar name, which 
means “gold glue," some scholars"* have erroneously concluded 
that the chrysocolla of the ancients was borax or some other solder- 
ing flux, though there is no basis for this conclusion other than the 
name and the stated use of the material. In the sixteenth, seven- 
teenth, and eighteenth centuries borax was frequently called 
"chrysocolla," and this circumstance may have caused the wrong 
identification. The name was first given to borax by Agricola," 
who may have misunderstood its meaning. 

131 XTX, 17, 10. 13? See also the notes on sec. 39. 133 XXXIII, 86. 

134 V, 104 (Wellmann ed., V, 89). 185 XXXIII, 86. 
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The method of using copper minerals for soldering gold in an- 
cient times has evidently puzzled many modern writers on early 
technical arts, though the correct explanation was given at the 
end of the eighteenth century by Guettard, who showed experi- 
mentally that malachite, for example, could be used as a solder for 
gold. * All that is required is that some suitable reducing agent, 
such as charcoal or organic matter, should be present, and that 
the temperature should be high enough to reduce the mineral to 
copper and to make this melt and alloy with the gold. It has re- 
cently been shown for the first time that certain types of ancient 
goldwork could only have been produced by a soldering process 
of this sort. Some Etruscan and Greek works of art contain deli- 
cate patterns formed by minute grains of gold or very fine wire 
joined to a background of solid metal; it has been found by ex- 
periment that they could not have been joined together by the 
direct application of solder in the form of molten metal or by 
any process of fusion welding. Furthermore, microscopic exami- 
nation of examples of ancient goldwork has shown the use of this 
reduction method of soldering.? 

It is interesting to note that this ancient method of soldering 
gold by the reduction of a copper compound zz situ is the subject 
of a modern patent'* issued to a Mr. Littledale, who may be re- 
garded as the rediscoverer of an old method of soldering which is 
used for goldwork of great delicacy. 

The name chrysocolla was applied by writers later than Theo- 
phrastus to artificial copper preparations used for soldering gold. 
Pliny? describes a mixture of this sort. In addition, he mentions 
under chrysocolla a preparation that contained gold and silver 
in addition to copper salts. By further extension of the original 
meaning, the name was applied to alloys used for the soldering of 
gold. In the Leyden Papyrus X are two recipes (Nos. 31 and 33) 
for the preparation of such gold solders.“ In Number 31, the alloy 
of copper, silver, and gold is called 7ò xpvoókoAXov. 

138 Bailey, The Elder Pliny's Chapters on Chemical Subjects, Part I, p. 206. 
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For remarks on the use of chrysokolla as a pigment, see the 
notes on section 51. 


2/. iaspis. 

Though the word “jasper” is derived from the Greek ¿aou and is 
often used to translate the Greek word and its Latin equivalent 
taspis, the one fact that is most certain about the ancient name is 
that it did not designate the kinds of opaque colored silica that 
are now called jasper. The descriptions of ancient writers usually 
show that the name denoted certain transparent or translucent 
stones, and there is no definite evidence that it was ever applied 
to an opaque mineral substance. Though Theophrastus does not 
allude clearly to :25p:s as a transparent stone, there is no such un- 
certainty about the descriptions left us by other ancient writers. 
Pliny opens his account of the stone with the words: Viret et saepe 
tralucet taspis’** (raspis is green and often translucent). Later he'** 
mentions a kind that resembles rock crystal. Pliny'** also alludes 
to imitations of zaspis made of glass. Moreover, the descriptions of 
Dioscorides’** show that the name was not applied to an opaque 
stone. Dionysius Periegetes describes it as being watery,“ green 
and translucent," and cloudy." This is not an appropriate de- 
scription of the stone that is now called jasper. Though there can 
be no doubt that it was not our modern jasper, there is less cer- 
tainty about its positive identification. 

Since Theophrastus shows its relationship to smaragdos in this 
passage, one might infer that zaspis was a green stone, and this 
color is mentioned by all ancient writers who describe it. Indeed, 
some of them mention this color only, and in the Stockholm 
Papyrus, ™ where a recipe is given for the preparation of an artifi- 
cial zaspis, it is clear from the ingredients that the resulting prod- 
uct was a green stone. On the other hand, Pliny'" refers to iaspis 
of various other colors, such as blue and rose, as well as to a color- 
less variety. In fact, he classifies the best as having a shade of 
purple and assigns only third place to the green kind. He also 

148 XXXVII, 115. 144 XXXVII, 116. 145 XXXVII, 117. 
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mentions smoky and turbid kinds. Dioscorides" gives a similar 
but less extensive list of the varieties of this stone. The ancient de- 
scriptions seem to show that zaspis was a generic term that usually 
denoted those varieties of transparent or translucent quartz to 
which special names such as sardion or crystallos were not ap- 
plied. Thus the green kind was probably plasma or chrysoprase, 
the smoke-colored kind was smoky crystalline quartz or smoky 
chalcedony, the rose-colored kind was rose quartz, and the blue 
kind was common blue chalcedony. All these varieties of quartz 
were used as materials for ancient engraved stones. It is signifi- 
cant that Pliny includes sphragis or seal stone under the term 
1aspis. This suggests that zaspis was a name applied to some varie- 
ties of chalcedonic or clear quartz used for seals. 

It seems likely, however, that other minerals besides quartz 
which were similar in appearance were included under the an- 
cient name. Thus it has been suggested that jade or nephrite was 
called ;aspis in antiquity. Certainly the kind of zaspis men- 
tioned by Pliny,"* who describes it as a green stone with one or 
more white lines running through it, would seem to correspond 
to Jade or nephrite. Pliny implies that this stone was used as an 
amulet, and had its origin in the East, and both these clues tend 
to support this particular identification. In the same way, still 
other minerals such as fluorite, which in some of its forms re- 
sembles certain varieties of colored quartz, may have been classi- 
fied under zaspis in ancient times. 

Theophrastus shows by his remarks in section 37 that certain 
kinds of true jasper used in antiquity were given particular names. 
See also the notes on that section. 


27. It is said that a stone was once found in Cyprus hal] 
of which was smaragdos and half 1aspis, as if it had not 
been entirely changed from the watery state. 

This passage is quoted by Pliny," who has clearly obtained his 
information from Theophrastus. His wording is as follows: e£ in 


152 V, 159 (Wellmann ed., V, 142). 
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Cypro inventum ex dimidia parte smaragdum, ex dimidia 1aspi- 
dem, nondum umore in totum transfigurato. Here the Latin 
umore reproduces the Greek rot bdaros, which can be translated 
as "the watery state" or "its watery state." The sense of the pas- 
sage seems to be that a piece of stone or a crystal was once found 
in Cyprus half of which had the green color of smaragdos, while 
the other half had a limpid or watery appearance and was probably 
colorless or only slightly colored. This could have been green 
quartz in a matrix of clear colorless quartz or colorless chalcedony, 
though it seems rather more likely that the allusion is to a crystal. 
Crystals of this sort are not uncommon. Tourmaline frequently 
occurs in the form of transparent crystals that sometimes are 
green at one end and have a different color or are colorless at 
the other end. It is easy to see how mineral occurrences of this 
kind would lead to the idea that one sort of precious stone could 
originate from another. Many later writers on mineralogy advance 
this idea, though Theophrastus was the first to express it. 


28. lyngourion. 

This substance is also mentioned by other ancient authors such as 
Strabo," ^^ Dioscorides," and Pliny.'"* Though many commentators 
have tried to identify it, unfortunately they have disagreed in their 
conclusions. Some have thought that it was a fossilized animal sub- 
stance, others that it was a particular kind of precious or semi- 
precious stone, others that it was amber, and still others that it 
was a kind of fossil resin resembling amber. 

Some early modern writers on mineralogy identified this sub- 
stance as belemnite, fossil cuttlefish bone. De Boodt'°° gives lyn- 
curius as a synonym for belemnite, and later writers such as Wood- 
ward'^ definitely identify the /yngourion or lyncurium of the an- 
cients in this way. However, as Hill," Watson," and Beck- 
mann'? have clearly pointed out, it could not possibly have been 

156 IV, 6, 2. 157 I, roo. (Wellmann ed., II, 81, 3). 158 XXXVII, 52. 
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belemnite, since this fossil substance does not have the hardness, 
the transparency, or the electrostatic-attractive properties ascribed 
to lyngourion or lyncurium. 

The /yngourion of Theophrastus has been most often identified 
with a particular kind of precious or semiprecious stone. De 
Laet,"* who referred to an earlier suggestion of Epiphanius, says 
that “the description of /yncurium is certainly not inappropriate 
to the hyacinth of modern writers.” Hill'*^ rightly rejects its ear- 
lier identification with belemnite, but, ignoring the possibility 
that it was amber, he decides with De Laet that it was “hyacinth.” 
Apparently he uses this word to describe certain varieties of gar- 
net. Watson" identifies the lyngourion of Theophrastus with 
tourmaline, but evidently his opinion is partly based on the at- 
tractive properties of heated tourmaline which had recently been 
discovered. This identification is repeated by various later writers. 
For example, Dana’ states that /yncurium is supposed to be the 
ancient name for common tourmaline. However, the absence of 
tourmaline among surviving examples of ancient gems is clearly 
against this view. Its identification as red garnet or red tourmaline 
may have been based to some extent on the emendation mvppá 
(“flame-colored”) which was substituted by Furlanus for the 
manuscript reading ywxpa (“cold”) and was adopted by several 
editors, including Hill. Wimmer has the manuscript reading in 
the neuter form yvxpóv. Though the emendation seems to agree 
better with the description of its color ("colorem igneum”) given 
by Pliny, ° who apparently derived his information from this 
account of Theophrastus, the manuscript reading is more suitable, 
since it is evident from section 31 that the color of lyngourion was 
yellow. The suggestion has been made that it was the stone known 
today as the hyacinth or jacinth,' "^ but this seems to be partly due 
to a confusion of mineralogical names. That /yngourion could have 
been any of the gem varieties of zircon 1s highly improbable; no 

164 J. De Laet, De Gemmis et Lapidibus Libri Duo (Leyden, 1647), p. 155. The text 
reads: sane descriptio lyncurii non male convenit cum hyacintho Neotericorum. 
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ancient gems of zircon have been found, and since they occur 
principally in Ceylon, it is unlikely that the ancient Greeks could 
have been acquainted with them. 

Though the hardness and transparency ascribed to /yngourion, 
as well as its use for seals, suggest that it was a kind of precious or 
semiprecious stone, certain of its qualities, as described by Theo- 
phrastus, show that it was not an inorganic material at all. In par- 
ticular the phrase kaĝdrep diBos (“like stone"), used with refer- 
ence to its hardness, definitely indicates that it was not a stone, and 
the electrostatic properties ascribed to it, though they could apply 
to a polished gem, point to a more easily electrified substance such 
as amber, which is of vegetable origin. 

The explicit statements of Strabo, Dioscorides, and Pliny on 
the nature of this substance have not been sufficiently considered 
in many of the attempts to identify it. In his discussion of the ter- 
ritory of the Ligurians, Strabo'” remarks: “The /;ngourton, ^ 
too, is plentiful in their country, and some call this amber.” 
Dioscorides says that “the urine of the lynx, which is called /yz- 
gourion,' is believed to be transformed into a stone as soon as it 
is voided, and so it has a foolish story connected with it; for this 
is what some people call the amber that attracts feathers... .”*** 
In his discussion of the various names given to amber, Pliny says: 


“Demostratus lyncurium vocat ...alios id dicere langurium ...”*** 


(Demostratus calls it lyncurium ... ; others call it langurium ... ). 
After discussing the varieties, properties, and uses of amber, Pliny adds 
this statement: “De lyncurio proxime dict cogit auctorum pertinacia, 
quippe, etiamsi non electrum id, tamen gemmam esse contendunt, fieri 
autem ex urina quidem lyncis, sed et genere terrae, protinus eo animali 
urinam operiente, quoniam invideat homini, ibique lapidescere. esse au- 
tem, qualem in sucinis, colorem igneum, scalpique nec folia tantum aut 
stramenta ad se rapere, sed aeris etiam ac ferri lamnas, quod Diocli 
cuidam Theophrastus quoque credit. ego falsum id totum arbitror nec 
visam in aevo nostro gemmam ullam ea appellatione." * (The obstinacy 
of authors compels me to speak next of lyncurium, for even though they 
state that it is not amber but a precious stone, yet they assure us that 
it is formed from the urine of the lynx, though it also contains a kind 
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of earth; the animal immediately covers up his urine because of his 
envy of mankind, and there it turns into stone. Moreover, like amber 
it has the color of fire, can be engraved, and attracts to itself not only 
leaves or straws, but even thin pieces of bronze and iron, as Theo- 
phrastus believes on the authority of a certain Diocles. I consider that 
all this is untrue and that a precious stone of this name has not been 
seen in our time.) 


From these statements it seems likely that the substance variously 
known as lyngourion, lingourion, lyncurium, or langurium was 
none other than amber, and this identity has been upheld by some 
commentators. * However, if the substance which Theophrastus 
calls /yngourion was really identical with the one called electron, 
it remains to be explained why he discusses them as though they 
were different substances. Possibly he was unaware that the same 
substance was known under these two different names. Certainly 
his statements about the mode of origin of these two substances 
indicate a lack of first-hand information that might easily have 
led him to just such a confusion of names. On the other hand, 
when he says that /yngourion had a high degree of transparency, 
he does suggest that there may have been a real difference be- 
tween this substance and the one called electron, since the striated 
or clouded varieties of amber could not be so characterized. Pos- 
sibly the name /yngourion was a special one applied only to flaw- 
less varieties of amber valued for purposes of adornment, whereas 
electron was the general name for amber, or the name applied to 
the less valued varieties. . 

Finally there is the theory’” that /yngourion was not genuine 
amber but some sort of fossil resin either allied to amber or re- 
sembling it, but this seems to be based on what Theophrastus 
says about its mode of origin. His statements certainly indicate 
that /yngourion was found only in the ground, which is not true 
of genuine amber. However, it might also be inferred from what 
he says in section 29 that electron was also found in the ground 
and was therefore not genuine amber. Hence his statements give 
no valid reason for regarding /yngourion as different from amber. 
Actually, of course, the fanciful tale he tells about the formation 
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of lyngourion shows that he personally knew nothing about this. 
That lyngourion was not one of the soft fossil resins seems evident 
from the remark he makes about its hardness. 

On the whole, therefore, /yngourion can be identified with rea- 
sonable certainty as either amber or some particular variety of 
amber. 


28. bits of wood. 


In quoting this passage about the attractive powers attributed to 
lyngourion, Pliny ^ mentions leaves (“folia”) rather than wood. 
For this reason Wimmer added the word ¢vA\a (“leaves”) in 
brackets after £óAov (“wood”), indicating that the text may have 
originally contained this word. Since Pliny is not always accurate 
in his quotations, this is far from certain. However, the context 
makes it clear that the word €vAov should be understood to mean 
bits of wood or shavings. 

Theophrastus does not say that it is necessary to rub lyngourion 
in order to induce its attractive power, but other ancient authors 
also fail to mention this when they speak of the electrostatic at- 
traction that amber displays. It is uncertain whether Theophrastus 
was even aware of the necessary part played by friction in pro- 
ducing this phenomenon, especially as his statements show that 
he was dependent upon others for his information. 


28. Diokles. 


This is generally considered to be the earliest mention of Diokles 
of Karystos, a famous Greek physician and writer of the fourth 
century B.c. who in all likelihood was for some time a contem- 
porary of Theophrastus at Athens. The significance of the allusion 
to Diokles for dating this treatise of Theophrastus is discussed 
in the notes on section 59. 


28. it ts better when it comes from wild animals rather 
than tame ones and from males rather than females; for 
there ts a difference in their food, in the exercise they take 
or fail to take, and in general in the nature of their bodies, 
so that one is drier and the other more moist. Those who 
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are experienced find the stone by digging it up; for when 
the animal makes water, it conceals this by heaping earth 
on top. 


Theophrastus appears to be the first to relate this curious story, 
but whether he was the actual author of it is uncertain. He may 
have depended, as for some of his other information about lyn- 
gourion, on the statements of other writers, or, as is even more 
probable, he may be repeating a popular tale that was widely 
known and believed. This story undoubtedly arose from the name 
of the substance (lynx-urine), though its color and general ap- 
pearance may also have been a factor in the origin of the story. 
It 1s not unlikely that someone tried to invent an etymology for 
the name after its original pronunciation and spelling had been 
corrupted and its real origin forgotten. Though Theophrastus 
fails to state explicitly in this treatise what animal was supposed 
to produce /yngourion, the lynx is specifically named in all later 
accounts. Thus, for example, the animal is so named 1n the ac- 
counts of Dioscorides and of Pliny that have already been quoted. 
The animal is also named by Pliny in other passages!” dealing 
with the subject, and in a fragment quoted by Photius" Theo- 
phrastus specifically names the lynx as the animal whose urine 
was utilized for seals. Theophrastus does not say anywhere how 
the liquid urine was transformed into the solid stony substance, 
but Pliny is explicit on this point. In one place’ he states that the 
urine either congealed or dried, and in another place, where 
he seems to be depending more on the opinions of others, he says 
that it was the urine of the lynx and a kind of earth that hard- 
ened together to form the stone. Ovid'" remarks that the urine 
hardened on contact with air. It is clear from the variety of the 
explanations given by later authors, and even more from the other 
variations in the details of the story, that it must have been widely 
known, and lost nothing from being retold. The following passage 
from Pliny shows how many alterations were introduced into the 
story as it Was passed along: 
179 VIII, 137; XXXVII, 34. 
180 Bibliotheca (Bekker ed.), p. 528, col. 2. 
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"Demostratus lyncurium vocat et fieri ex urina lyncum bestiarum, e 
maribus fulvum et igneum, e feminis languidius atque candidum; alios 
id dicere langurium et esse in Italia bestias languros. Zenothemis langas 
vocat easdem et circa Padum iis vitam adsignat, Sudines arborem, quae 
gignat in Liguria, vocari lynca. in eadem sententia et Metrodorus fuit." ^* 
(Demostratus calls it /yncurium. and says that it originates from the 
urine of the animal known as the lynx, that of the male being reddish 
and fiery, that of the female rather pale and even white; others call 
it langurium, there being in Italy animals known as languri. Zenothemis 
calls them /angae, and assigns the region of the Po River as their habitat. 
Sudines says that the tree which produces it in Liguria is called the 
lynx. Metrodorus also was of the same opinion.) 


Perhaps the most curious elaboration of the story was the be- 
lief that the lynx hid its urine because it did not wish men to 
possess the valuable stone formed from it. Pliny mentions this 
strange belief in two passages." one of which has already been 
quoted. It is also mentioned in section 76 of the pseudo-Aristote- 
lian work De Mirabilibus 1uscultationibus. The passage reads as 
follows: kai rHv Avyka 8€ dac Tò obpov karakaAvmrrew Ou TÒ 
Mpos Ada TE YpHoO ov eivai kai Tas odpaytoas. (They say that 
the lynx also covers up its urine because it is useful for seals and 
other purposes.) Though Theophrastus says nothing about this 
curious belief in his account of the story in this treatise, it must 
have been current in his day, since he takes the trouble to refute it 
in the fragment quoted by Photius, which contains various exam- 
ples of envy or jealousy felt by animals toward men. The pertinent 
passage reads as follows: kai 7) Avy€ Kataxpvrre: TO oùpov Srt 
Tpós tas odpayidas kai mpós Añas xpetas émvrijóevov. QAN OTe 
pev ov Ôa dÜóvov ratra Tout rà ¿Qa GAN’ oi ávÜpoermro Ex THS 
idias vrodnwews raúrmu aùrots mepenfay THY atríav avri òn- 
Xov." (And the lynx conceals the urine because it is suitable for 
seals and other purposes. But it 1s obvious to everyone that animals 
do not do this from envy, but that men have brought this charge 
against them because of their own prejudice.) This passage, though 
confirming the belief of Theophrastus that /yngourion was formed 


184 X XXVII, 34. 

185 Plutarch (Moralia, 962F, De sollertia animalium) seems to hint at this belief, 
though he merely savs that lynxes conceal lyngourion. 

186 VIII, 137: XXXVII, 52. 

187 Text of Wimmer, Theophrasti Eresii Opera (Teubner ed.), III, fr. CLXXV, 10-14. 
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from the urine of the lynx, also indicates that the credulity of 
Theophrastus had its limits. Moreover, it seems to show that in 
the treatise On Stones Theophrastus may have purposely omitted 
the part of the story that accuses the lynx of hiding its urine 
owing to envy or jealousy. It is not unlikely that this fanciful ex- 
planation was generally considered an essential part of the story 
in his day. 


28. This stone needs working even more than the other 
kind. 
This statement has been taken as evidence that /yngourion was a 
very hard stone that was difficult to cut or grind, though this 
difficulty is certainly not encountered in working amber. Whether 
this statement is true is by no means certain, especially when it is 
compared with the statements that precede it; but if it is assumed 
that it is true or that it contains an element of truth, it may refer 
only to the time needed for polishing the material when it is cut. 
If this interpretation is accepted, the statement could refer to 
amber as well as to a hard stone, so that it cannot be taken as 
evidence that /yngourion was not amber or a variety of amber. 


29. And since amber is also a stone—for the kind that 

is dug up is found in Liguria—the power of attraction 
would belong to this too. 
Theophrastus has previously mentioned Liguria as a source of 
amber in section 16. The boundaries of ancient Liguria were not 
well defined; though the territory was probably restricted largely 
to northwestern Italy at the time of Theophrastus, it extended far 
along the coast of southern Gaul at an earlier date.*** At no time, 
however, did it include regions where amber occurred, nor was 
amber found in any region near it at the time of its greatest extent. 
The truth appears to be that amber was brought from the coasts 
of the North and Baltic seas by trade routes through Gaul, and 
that the Ligurians acted only as traders in this product.” Theo- 
phrastus, like all other classical Greek writers who touch on the 
subject, apparently knew nothing about the real nature or the 
real source of amber. 


188 W. W. Hyde, Roman Alpine Routes (Philadelphia, 1935), pp. 43, 134. 
189 Jhid., pp. 42-43. 
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Though Thales of Miletus is generally regarded as the first to 
mention that amber has the property of attracting light particles 
when it has been electrified by friction, his claim to this distinction 
actually rests on very uncertain grounds. That Thales was the 
first to mention this property can be inferred only indirectly from 
the following statement of Diogenes Laertius in his discussion of 
Thales: 'ApurroréA 9s 9€ kai Imrm(as pasiv aùròv kai rots aypvxots 
pera&ióvas uxds, Tekparpópevov èk Ts XM0ou rs payvijrióos 
Kat Tov Àékrpov.? (Aristotle and Hippias say that, judging by 
the behavior of the lodestone and amber, he also attributed souls 
to lifeless things.) What Aristotle really says about this opinion of 
Thales is as follows: éowe òè kai Oadis é£ ðv atopvynpovevovar 
Kumrukóp TL THY Wey vmroXafetv, etrep TOV A(Bov Edn Wuxnv 
Exe Ore TOV aidnpov kivet.” (According to the reports made 
about him, Thales also seems to regard soul as a motive force, if 
indeed he said that the lodestone has a soul because it moves iron.) 
In other words, Aristotle, whom Diogenes Laertius quotes, does 
not even mention amber in his corresponding statement about 
Thales. Of course it may be inferred from these two statements 
that it was Hippias who said that Thales understood the attrac- 
tive property of amber, but there is no way of confirming such an 
inference because the works of Hippias are not extant. It may 
even be that the allusion to amber in the statement of Diogenes 
Laertius is the result of a late interpolation, as has been suggested 
by Rossignol.” The first clear indication that the ancients knew 
about the attractive property of amber is given by Plato, who 
very briefly alludes to it in his Timaeus, ™ though he denies that 
it had a real power of attraction. The various statements of Theo- 
phrastus in sections 28 and 29 are certainly the earliest account 
of the properties of amber. 


29. The stone that attracts iron is the most remarkable 
and conspicuous example. This also ts rare and occurs in 
few places. 

Though Theophrastus does not give a specific name to the lode- 


190], 1, 24. 191 De Anima I, 2, 405A. 
192]. P. Rossignol, Les Métaux dans l'Antiquité (Paris, 1863), p. 348. 
193 8oC. 


` II7 ° 


THEOPHRASTUS ON STONES 


stone in this passage, he has in a preceding passage (sec. 4) ap- 
parently designated it as Xí@oç 'HpakAeta. (“Heraclean stone"). 
This seems to have been the common early Greek name for the 
lodestone, since Plato in one place specifically states that this 
was what most people called it, and in two other places"? he uses 
this as the name of the lodestone without special comment. How- 
ever, the lodestone was frequently mentioned without the use of 
a special name, as in the present passage and in the passage from 
Aristotle that has just been quoted. It was sometimes described 
simply as "the stone," without any explanation that it was the 
one that attracted iron. For example, Theophrastus so designated 
it in the following passage in his History of Plants, where he 
is referring to certain plants that affect lifeless objects: ras òè kai 
&Akew, wowep 7 AiBos kai Td TJAekrpov.?" (And some also have 
the power of attraction, like the stone [sc. the lodestone] and 
amber.) 

Since the Greek world was so small and a very small area of 
the earth had been explored for minerals at that time, this state- 
ment of Theophrastus about the scarcity of the lodestone is un- 
doubtedly correct for his day. Even at the present time specimens 
of magnetite that are actively magnetic are not very common 
in spite of the abundance of the mineral itself. 

Although the statement in the present passage is a very early 
allusion to the phenomenon of magnetism, it is by no means the 
earliest that is known. As was indicated before, 'Thales of Miletus 
was probably the first to allude to this phenomenon, but the 
earliest direct statements about the lodestone and its special prop- 
erty are those of Plato. The passages in Plato's Jom constitute a 
particularly vivid description of the way the lodestone attracts 
iron. Though Plato in the Timaeus mentions amber and the lode- 
stone together because of their attractive power, he does not sug- 
gest any particular connection between the properties of the two 
substances. Theophrastus is apparently the first to suggest ex- 
plicitly that the lodestone should be classified with substances, 
such as amber, which exhibit the property of electrostatic attrac- 
tion. Thus he may perhaps be considered the first to hint at a 


194 Jon, 533D. 195 Jon, 535E and Timaeus, 80C. 
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possible connection between what we now call electricity and 
magnetism. 


30. hyaloeides. 


The name suggests some sort of glasslike stone, but it is mentioned 
by no other ancient author, and the very brief description given by 
Theophrastus is inadequate for certain identification. Various con- 
jectures have been made by commentators. Hill,"' for example, 
supposed that it corresponded to the astrion of Pliny, "* whereas 
Werner" suggested that it might have been moonstone, and 
Lenz" that it might have been a natural glass. Stephanides™ be- 
lieved that various reflecting and transparent stones might have 
been known by this name, particularly the lapis specularis of 
Pliny," which apparently included mica and selenite. Though it 
is quite possible that various materials of a glassy nature received 
the name vadoedys, it seems unlikely that such soft minerals as 
these were included, for Theophrastus is speaking of a stone or 
igneous material] upon which seals were engraved. The real ob- 
Jection to identifying it as one of the glassy minerals is that, with 
the important exception of the various forms of quartz, all of which 
appear to have been known by their own special names, practically 
no specimens of engraved gems executed in such minerals have 
come down to us. Therefore, it seems not unlikely that the name 
may have been given to the various glass pastes that were by no 
means uncommon as a material for seals at the time of Theo- 
phrastus. About ten per cent of the engraved gems of the Hel- 
lenistic and early Roman period that are listed by Furtwàngler^" 
were executed in glass pastes of various colors. One objection to 
this identification is that Theophrastus would not be likely to list 
an artificial product like glass among stones of natural origin. 

197 T heophrastus's History of Stones, p. 80. 

198 XXXVII, 132. 

199 Cited by Moore, Ancient Mineralogy, p. 227. 

200 Mineralogie der alten Griechen. und Romer, p. 21. The specific identification 
given by this commentator is "bouteillenstein," or bottle stone, a peculiar green natural 
glass also called moldavite or pseudochrysolite. 

201 The Mineralogy of Theophrastus, pp. 123-24. 

202 XXXVI, 160-62. 

203 Furtwangler, Die antiken Gemmen, Vol. II, pp. 130-46, 153-73. This figure and 
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However, his statements in section 48 of the treatise, where fin- 
ished ceramic ware is described as stone, suggest that he would 
not have made any such distinction in classification. Judging 
from the reference Theophrastus makes to glass and vitreous 
earth in section 49, it is doubtful that he was aware of the artificial 
origin of glass; and even if he understood its mode of origin, it 
does not follow that he would have recognized that seals ex- 
ecuted in paste were not made of a natural material, for since 
they were engraved, they were very different in appearance from 
large objects made out of glass by other methods. 


30. anthrakton. 


This is mentioned again in section 33. See the notes on that sec- 
tion. 


30. omphax. 

The Greek word ópóa£ usually means an unripe grape or some 
other unripe fruit, but it was often used in a metaphorical sense." 
Perhaps Theophrastus is using it in this way here, as he appears 
to be the only author to give óuda£ as the name of a stone. Galen?” 
lists a stone with a similar name called óu$artris (omphatitis), 
but, like Theophrastus, he gives no description. The name suggests 
that the stone resembled an unripe grape, i.e., it was green in color 
and in its natural state botryoidal. Furthermore, it is probable that 
it was either transparent or translucent, since the other stones dis- 
cussed in this part of the treatise were not opaque. Practically the 
only mineral suitable for engraving that fulfills these conditions is 
prehnite, a hydrous calcium aluminum silicate usually colored 
apple-green by impurities and occurring normally in botryoidal 
masses lining cavities in igneous rocks. Prehnite is capable of re- 
ceiving a high polish and has been used in modern times for inlaid 
work and ornaments.” However, ancient engraved stones of prehn- 
ite have apparently not been found, and though this may seem 
to bring the identification into question, it should be noted that 
surviving examples of ancient non-opaque green stones are scarce, 

204 I iddell-Scott-Jones, Greek-English Lexicon, s.v. 

205 De simplicium medicamentorum temperamentis ac facultatibus, IX (Kühn ed., 
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even though early authors speak of such stones as though they 
were common in their day. Possibly the stone was called omphax 
only because of its color, and for this reason it may have been 
some other stone such as green quartz. Stephanides"" suggested 
that it might have been the variety of quartz now known as 
chrysoprase, a translucent form of chalcedony colored bright 
green by nickel. Here again, surviving examples of seals made of 
this material which would confirm the identification are lacking. 
Both these identifications should be regarded as conjectural, since 
the total lack of description makes it impossible to determine 
which particular stone was called omphax. 


30. rock crystal. 

This is the generally accepted identification of xpvoradXos, and 
there can be little question that it is correct. In discussing crystal- 
lus, Pliny" refers to the Greek name as a word meaning a kind 
of ice; he clearly describes the hexagonal form of crystalline 
quartz, and even mentions the occurrence of variations in the 
characteristic pyramidal terminations of the crystals. Though 
Theophrastus lists it as one of the stones upon which seals were 
engraved, the small number of examples contained in modern 
collections of ancient engraved stones indicates that it was not 
commonly used for this purpose in his day. However, numerous 
specimens of engraved rock crystal of earlier date are known. 
About five per cent of the carved Mycenaean stones described by 
Furtwängler”? and less than five per cent of the early Greek 
gems are made of this material, whereas less than one per cent 
of the stones ascribed to the Hellenistic and early Roman period 
are made of it. In Roman times rock crystal was commonly carved 
into relatively large objects such as dishes and drinking glasses, 
and these seem to have been highly valued.” 


30. amethyst. 
There is little doubt that the stone named àpué0voov by Theo- 
phrastus was identical with our amethyst, a purple variety of 
207 The Mineralogy of Theophrastus, p. 76. 
208 X XXVII, 23. 
209 Furtwängler, Die antiken Gemmen, Vol. Il, pp. 7-18, 25-27, 37-69, 130-46, 152- 
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quartz. He mentions rock crystal and amethyst in one phrase as 
though they belonged together, stating further that they were 
found when dividing other stones. Colorless quartz and amethyst 
are often found in this way, and sometimes they are found to- 
gether, in veins or cavities of massive rocks. They are also found 
lining the interior of geodes, and are revealed when these stones 
are broken. In the next section Theophrastus notes that auéñucov 
was wine-colored. These meager characterizations of amethyst 
are fortunately supplemented and confirmed by later writers. 
Thus, Pliny speaks of amethystus in this way: causam nominis 
adferunt quod usque ad vini colorem accedens, priusquam eum 
degustet, in violam desinat fulgor." (The reason for its name 
is said to be that it approaches the color of wine, but before it 
reaches this color it shades off into violet.) In speaking of the 
varieties of amethyst, Pliny also says this: quintum ad vicina 
crystalli descendit. albicante purpurae defectu? (a fifth kind 
approaches rock crystal very closely, the purple gradually fading 
off into white). The second quotation accurately describes the 
common kind of amethystine quartz which is only slightly or 
partially colored. Though it is likely that the same name would 
have been applied by the ancients to purple sapphire or purple 
fluorite because they are similar in color, there are no stones of 
this kind in collections of ancient engraved gems; this indicates 
that amethyst, if not the only purple stone known to the ancients, 
was at least the only one of this color that was engraved. About 
three per cent of the engraved gems of the Hellenistic and early 
Roman period that are catalogued by Furtwangler™* are made of 
amethyst. 


30. sardton. 
The brief statements in this passage, when supplemented by what 
Pliny?* says about sarda, show that odpdvov was a generic name 
applied to those varieties of red chalcedony suitable for seals. 
These stones are simply quartz colored with small amounts of 
ferric oxide. Theophrastus plainly distinguishes two varieties: the 
one which is described as translucent but redder than the other 

211 XXXVII, 121. 212 X XXVII, 123. 
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was apparently identical with what is now called carnelian, a 
bright red chalcedony of clear rich tint; whereas the darker kind 
probably corresponded to what is now called sard, usually a decp 
brownish-red chalcedony that becomes blood-red in color when 
light shines through it, though the color of the stone is sometimes 
so intense that it approaches black. It is interesting to note that 
both Theophrastus and modern writers on mineralogy distinguish 
only two varieties of red chalcedony suitable for gems, the differ- 
ence being that a single name, suitably qualified, was used in his 
day, whereas two distinct terms are now employed. 

The ancients made abundant use of red chalcedony for seals, 
as is shown by the large number of engraved stones of this ma- 
terial that have survived to the present day, and apparently red 
chalcedony was more often engraved by the peoples of the Aegean 
region than any other kind of precious or semiprecious stone. 
About twenty per cent of the Mycenaean engraved stones that 
are listed by Furtwängler, thirty-five per cent of the early 
Greek stones, and thirty-five per cent of the Hellenistic and early 
Roman stones are made of red chalcedony. This early preference 
for red chalcedony is noted by Pliny in these words: zec fuit alia 
gemma apud antiquos usu frequentior" (among the ancients 
there was no precious stone in more common use). Carnelian was 
apparently the variety generally preferred in the earliest periods, 
and sard came into widespread use only in the Hellenistic period. 
About forty per cent of the stones made of red chalcedony that 
are listed by Furtwangler as Hellenistic are classified as sard, 
whereas less than five per cent of such stones that belong to the 
early Greek period are classified in this way. Possibly the ex- 
haustion of the old sources of red chalcedony or the discovery 
of new sources would account for this variation in distribution, 
though it may have been simply the result of a change in fashion. 


30. And there are others, as has been mentioned before, 
which differ from one another, though they have the same 
name. 

No previous statement of this kind occurs in the treatise as it is 
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now known. However, at the beginning of section 23, where 
the differences in stones used for seals are mentioned in a gen- 
eral way, it is possible that something is missing that was con- 
tained in the original form of the treatise. For this reason 
Schneider proposed an emendation in section 23, which is listed 
in the critical notes on the text. 


3l. And it is the same with the varieties of the lyn- 
gourion, for the female is more transparent and yellow than 
the other. Also, one kind of kyanos is called male and the 


other female, and the male is the darker of the two. 

The curious ancient distinction of sex in precious stones, which is 
mentioned in other early works, was apparently not connected 
with theories about the origin of stones, or even with the belief 
that certain stones had the power to generate others. A possible 
exception may be the supposed connection between the properties 
of the /yngourion and the sex of the animals alleged to produce 
the two varieties (sec. 28); Theophrastus is perhaps referring 
to this again in the present section. However, this connection 
should probably be regarded as accidental; for it was explained 
in the notes on section 28 that in all likelihood lyngourion was 
not an inorganic substance but either amber in general or a spe- 
cial variety of amber. It seems significant that similar modes of 
origin are not given for any true precious stone. It is likely that 
the concept of sex in stones was current long before the invention 
of the story about the /yngourion and was actually one of the 
sources from which it originated. In general, this concept was 
used to distinguish varieties of the same precious stone on the 
basis of their color, their relative brilliancy, or some other dis- 
tinctive property. Thus, as he shows by his statements in this 
and the preceding section, Theophrastus relates sex in stones to 
transparency or color, assigning the male sex to the kind that 
are darker in color and the female sex to the ones that are paler. 
Pliny relates sex in stones both to color and to the relative bril- 
liance of varieties of the same stone. For example, he describes 
the kinds of carbunculus in this way: Praeterea in omni genere 
masculi appellantur acriores et feminae languidius refulgentes."" 
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(Moreover, in each kind the more brilliant are called male and 
those that shine with a fainter light are called female.) He also 
makes a similar statement about sandastros.™® In discussing sarda, 
whose varieties Theophrastus distinguishes only by their color 
and transparency, Pliny has this to say: ez in his autem mares 
excitatius fulgent, feminae pigriores et crassius nitent." (Among 
these stones, too, the males glow more brightly, but the females 
are rather dull and shine with a dimmer light.) It will be seen, 
therefore, that according to this ancient concept of sex all stones 
of a certain type whose characteristic properties were more pro- 
nounced were called male, and those whose properties were less 
pronounced were called female. Though Theophrastus is ap- 
parently the earliest known writer to use this concept, his phrase- 
ology indicates that he did not invent it but merely incorporated 
it into his treatise as a method of distinction commonly under- 
stood in his day. 

Theophrastus also varies the grammatical gender of the word 
used for stone, which sometimes appears as ó X(@os and some- 
times as 7 Atos. Although the occurrence of this word in the 
treatise has been carefully studied, no clear distinction in mean- 
ing between the two genders has been found, and the problem 
is not solved by the suggestion in Liddell and Scott’s lexicon that 
the feminine usually applies to some special stone. What is proba- 
bly near the truth is that the grammatical gender of the word 
was unsettled in the early formative period of the language, so 
that the word was used in either gender interchangeably. Efforts 
were later made to straighten out the confusion by assigning spe- 
cial meanings to each gender. Galen shows that the argument 
not only concerned the word Aí0os but extended also to ó zérpos 
and ý zérpa, the term used for hard stones and rocks; he points 
out the futility of the attempted distinctions and shows his im- 
patience in the following words: €uaadwv 06 rjv mérpav héyouow 
OnduKa@s, ov TOV mérpov àppevuküs. . . . yw ‘yoov éfemírqóes 
eoa, peraBdddkwv rà Ovónara, éye ExaTépws ümavra và 
rouatra, epi av üxpijares épiLovaww Evior, Oeuvis Epyw pndev 
Barron rv cadyveav Tfj Eppnveias, ómorépos àv Tu 
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eimn.™ (And again they speak of stone in the feminine, not of 
stone in the masculine. . . . At any rate, my custom is purposely 
to interchange the names, and to adopt both methods of describ- 
ing everything of that sort, which some people argue about so 
unprofitably; for I show that in fact the clearness of the inter- 
pretation is not harmed at all, whichever way one describes them.) 


3l. kyanos. 


Theophrastus uses the word avos to designate two quite dif- 
ferent types of material. In the present passage and in section 37, 
it evidently means a blue precious stone; but in sections 39, 40, 51, 
and especially 55, it is the name of certain natural or artificial 
substances that were used as blue pigments. There is also the stone 
called az epos, but the statements of Theophrastus in section 
37 and the descriptions of Pliny?” show that kyanos and sapphei- 
ros were simply varieties of the same mineral. Since the latter 
stone, as is explained in the notes on section 37, was almost cer- 
tainly a variety of lapis lazuli, it is equally certain that the stone 
called kyanos was also a variety of lapis lazuli; the difference ap- 
parently was that sappAeiros was the name given to the mineral 
when it contained numerous scattered specks of iron pyrites, 
whereas kyanos was the name used for the stone of solid blue 
color, or at least the stone in which iron pyrites were not present 
in noticeable proportion. Lapis lazuli ordinarily contains various 
other impurities such as mica, calcite, amphibole, and diopside, 
in addition to the intense blue mineral, lazurite, a complex sodium 
aluminum sulfosilicate, which determines the color of the mixture 
as a whole. In proportion to its content of lazurite, the color of 
lapis lazuli varies from a very deep blue to a light or even greenish 
blue. Probably Theophrastus is referring to these differences in 
depth of color when he distinguishes the varieties of kyanos 
according to sex. Though he lists kyanos among the stones used 
for seals, lapis lazuli, which is frequently intersected by hard 
crystals formed of minerals other than lazurite, is not very suitable 
as a material for engraving, and its scarcity in modern collections 
of ancient engraved gems shows that it was not often used for 
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this purpose. However, it was extensively employed in ancient 
times for various ornamental purposes, as is shown by the nu- 
merous specimens that have survived. In Egypt, for example, it 
appears to have been used ever since predynastic times for beads, 
amulets, and other small objects,” and very early specimens from 
the Aegean region are known. But since there is no ancient or 
modern source of lapis lazuli in the vicinity of the Mediterranean, 
the stone must have been imported from a considerable distance. 
Persia is often given as the source, but geological investigations 
appear to show that it was, at the most, only a minor locality for 
lapis lazuli, since no important deposits or indications of ancient 
workings are known.^? The only definitely established source of 
lapis lazuli for the ancient world is the very remote mine at Serr- 
i-sang in the upper Kokcha Valley between Parwara and Lower 
Robat, Badakshan, which some think was the only commercial 
source in ancient times." 


31. onychion. 
Though the description of this stone seems to fit what is now 
called onyx, a banded chalcedony in which the layers, alternately 
white and dark in color, lie in planes one above the other, the 
word onychion has been used in the translation because there are 
definite indications on other grounds that òvúyıov had a broader 
meaning than the English word onyx. There seems to be no rea- 
son to doubt that the stone was banded chalcedony, since this is 
practically the only kind of striped stone to be seen among sur- 
viving examples of ancient engraved stones, but the term onychion 
might have included striped chalcedony in which the layers are 
not flat but angular, wavy, or concentric, varieties to which the 
name agate is now assigned. The descriptions of onyx given by 
Pliny,” though in some respects obscure and contradictory, defi- 
nitely show that at least in his day the term not only included 
our onyx but striped agate also. That eye-agate, for example, was 
classified as a kind of onyx is very clear from his account. Pliny's 
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use” of the word onyx for alabaster or onyx marble is another 
indication of the broad sense of the ancient term. Bliimner™” sug- 
gested that the word onychion might have had a more restricted 
meaning at the time of Theophrastus, or that Theophrastus was 
only acquainted with a particular form of banded chalcedony. 
This does not seem likely, however, since all the common varieties 
of striped chalcedony were in use as gems at the time of Theo- 
phrastus, and Theophrastus lists in his treatise nearly all the stones 
then used for the purpose. Since he does not distinguish onyx, 
sardonyx, and agate by special names, the best explanation is that 
onychion was a general term that applied to these banded chalced- 
onies as a class. So far as we know, Theophrastus is the first 
writer to mention and characterize such stones. 

Banded chalcedonies of all sorts were very popular in antiquity 
as engraved stones, and some of the most beautiful ancient exam- 
ples were executed in onyx or sardonyx. These were naturally the 
most suitable stones for large cameos, and a few remarkable speci- 
mens have come down to us. 


3l. achates. 
Although the English word agate was derived from ayarns and 
the Greek word has often been translated in this way, it seems 
reasonably certain that the ancient name did not have the same 
significance. Though he mentions its beautiful appearance, Theo- 
phrastus unfortunately gives no descriptive detail by which the 
stone can be identified, nor does Pliny in his account of achates 
give any clear description of the stones included under this term. 
For the most part he merely lists varieties, though the names of 
these, being based upon color or some other distinctive property, 
afford some definite information. His brief characterization of 
dendrachates, for example, indicates that achates included at least 
one kind of true agate, the distinctive dendritic or moss agate, 
and this identification receives confirmation from the beautiful 
description of a stone with a similar name (axdrns ðevðpes) 
contained in the Orphic poem Lithica’’® of about the fourth cen- 
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tury of our era. It is certain, however, that all the varieties of our 
agate were not included under the term achates, for Pliny** 
clearly describes banded agate and eye-agate as varieties of onyx. 
Blümner,?! who thinks the ancient term was restricted to certain 
kinds of agate, is probably not far from the truth, though it 1s 
by no means certain that only variegated agate was included under 
the term achates; for it seems evident from the descriptions of 
Pliny that some stones were then included that would not be clas- 
sified as agates at the present time. Since the ancient systems of 
mineral classification were based upon appearance rather than 
composition, it is likely that any kind of attractive stone in which 
irregularly placed spots, streaks, veins, or other markings appeared 
against a background of contrasting color would have received 
the same general name, though probably it was usually applied to 
irregularly marked chalcedony, and possibly to jasper, for these 
forms of quartz are the most abundant and generally the most at- 
tractive of the variegated stones. 


3l. the river Achates. 
According to the studies of Holm," this river was probably either 
the modern Carabi or the Cannitello in southwestern Sicily. 


32. Lampsakos. 
This was a celebrated Greek settlement in Mysia, on the Hel- 
lespont. 


32. Astyra. 


The name of the town to which the stone was sent is uncertain. 
The manuscripts have oripav or ortppav, which cannot be cor- 
rect. Turnebus changed this to Típav, and De Laet suggested that 
Tvpav would be better. But it is unlikely that Tyre, the city in 
Phoenicia, is meant, as that was on the coast and the participle 
avevexJeions, which means “carried up,” suggests that the stone 
was taken to some inland town. Actually, the Greek for Tyre is 
Tópos; thus T¥p@ appears in section 25. Furlanus proposed the 
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accusative of oġûpa (“a hammer"). Schneider suggested “Aorvpa, 
Which is close to the manuscript reading. This form is the accusa- 
tive neuter plural. Astyra was a town in the Troad, inland from 
Lampsakos, and there was another place of the same name near 
Antandros in Mysia. 

Professor Gilbert Highet suggests that Xrárepav should be 
read. This would mean that the stone was carved into a portrait 
of Stateira, who was the wife of Alexander the Great.?* Accord- 
ing to this interpretation, dveveyfeions would mean “when the 
stone had been brought up from the mine." 


32. the King. 
That the king was Alexander the Great is indicated by a passage 


in Pliny which reads as follows: Gemmae nascuntur et repente 
novae ac sine nominibus, sicut olim in metallis aurariis Lampsact 
unam inventam, quae propter pulchritudinem Alexandro regi 
missa sit, auctor est Theophrastus."* (New gems which have no 
names are also produced unexpectedly; for example, Theophras- 
tus reports that a stone was once found in the gold mines at 
Lampsacus which was sent to King Alexander on account of its 
beauty.) However, it is not certain that Theophrastus does mean 
Alexander; Pliny may have added the name on his own authority. 


33. anthrakion. 
Since avĝpáxıor is evidently a diminutive of dvOpa£, Hill” and 
later commentators" thought that it might be the name of an 
inferior kind of garnet, but the hints that Theophrastus gives 
about the nature of the stone do not support this identification. 
In the notes on section 18 it was pointed out that the word anthrax 
meant originally a glowing live coal, and was applied later to 
stones of a similar red color; but since this word was also used 
to denote charcoal, it is equally reasonable to believe that the 
derived form anthrakion was one applied to very dark or black 
stones. The statements made by Theophrastus agree with this 
interpretation, for the anthrakion found at Orchomenos is de- 
scribed as darker than another kind called the Chian, and this 
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suggests that it was very dark in color, especially as the only 
Chian stone mentioned by ancient authors was apparently a black 
or dark rock variegated with spots or streaks of lighter-colored 
mineral matter. It will be recalled that Theophrastus alludes to 
this Chian stone in sections 6 and 7. What probably misled Hill 
and other commentators is that Pliny,"' in quoting, or rather 
paraphrasing, this passage of Theophrastus, placed it at the end 
of his discussion of carbunculus, an error noted long ago by 
Beckmann" and by others before him. The use of the anthrakion 
of Orchomenos for making mirrors also shows that it was proba- 
bly not garnet, for the latter, even when polished, is not distin- 
guished by a high reflective power, nor is it ordinarily obtainable 
in pieces sufficiently large for such a purpose. Lenz?" concluded 
that this anthrakion was obsidian, and though he gave no reason 
for his identification, it is possibly correct, for Pliny™* speaks of a 
mirror of obsidian as though it were not uncommon and men- 
tions immediately afterwards that obsidian was used by many for 
jewelry. When properly polished, this glassy rock yields a better 
reflective surface than any other dark stone, and the possibility 
that the ancients used obsidian for mirrors is supported by Beck- 
mann, who remarks: “The image reflected from a box made of 
it, which I have in my possession, is like a shadow or silhouette; 
but with this difference, that one sees not only the contour, but 
also the whole figure distinctly, though the colors are darkened.”*** 
It is likely, however, that the obsidian mirrors of antiquity, being 
greatly inferior to those made of metal, were for ornament rather 
than utility. Against the identification advanced by Lenz it can 
be said that Theophrastus has already assigned another name, 
Liparean stone, to obsidian (sec. 14), but this may have been 
only a local name for the stone. Also, the anthrakion of Orcho- 
menos may have been a darker variety of obsidian than Liparean 
stone, perhaps approaching pitchstone in density of color, and 
was possibly for this reason given a distinctive name. Of course, 
it is entirely possible that anthrakion was not obsidian at all, but 
some other dark or black stone that could be given a high polish. 
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Few attempts have been made to identify the stones from Troe- 
zen and Corinth which also came from the Peloponnesus. One 
suggestion is that they were varieties of anthrakia and therefore 
inferior kinds of garnet. Neither the general sense of the passage 
nor the remarks on the appearance of the stones support this 
interpretation, which may also be due to the careless quotation of 
Pliny. It seems far more likely that the stones from Troezen and 
Corinth were not anthrakia at all, but some other stones of at- 
tractive appearance. From the imperfect descriptions given by 
Theophrastus it is difficult to determine specifically what the 
stones were, but probably they were certain kinds of variegated 
quartz, such as colored jaspers, which are not uncommon in the 
general region around these two places. 


34. the remarkable ones are rare and come from a few 
places. 


Hill in his translation assumes that Theophrastus is speaking 
here of places from which the more valuable kinds of garnets were 
obtained, but he seems to have misunderstood the real meaning 
of this section as well as the preceding one. Actually, Theophrastus 
is simply mentioning certain important foreign localities from 
which the more valuable kinds of precious stones were obtained. 


34. Syene near the city of Elephantine. 

Syene was situated on the east bank of the Nile just below the 
First Cataract. The site is now occupied by the town of Aswan. 
Elephantine was a city directly opposite on the southern end of 
the island of the same name. Though this district was known as 
the source of an inexhaustible supply of building stone, princi- 
pally granite, there is no evidence that precious stones were ever 
found in the immediate vicinity of the two cities. Therefore, it 
would appear that Theophrastus is speaking of these places only 
as exporting points for precious stones that were found elsewhere 
in the country. Carthage and Massalia, mentioned just previously, 
are apparently referred to in the same way. 


34. Psepho. 
The name Vedó, which is used here as a genitive, is not found 
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elsewhere. Salmasius suggested Wefgó as an emendation, and Hill 
adopted this but printed it incorrectly as YnBo."** Psebo is a place 
mentioned by Strabo?'* in his description of Ethiopia as a large 
lake containing a populous island. Here the word appears in the 
nominative as Veo (Psebo). The modern name is Lake Tana, 
and the large island in it is called Dek Island. Possibly in ancient 
times this island or certain surrounding territory took the name 
of the lake, and it is to one or both of these that Theophrastus 


makes reference. 


35. Bactriana. 

An alternative translation is Bactria, the more usual name for this 
extensive ancient country. Though its boundaries are not entirely 
certain, it lay north of the Hindu Kush range, and most of it was 
between this mountain range and the Oxus River. 

Previous commentators have generally assumed that these stones 
collected for mosaics were smaragdoi. Though it is true that 
smaragdos is mentioned in the first sentence of this section, they 
probably made this assumption because Pliny**" says the smarag- 
dus of Bactriana was found in essentially the same manner as the 
stones that are mentioned here. However, Pliny appears to have 
obtained his information from this very passage in Theophrastus, 
and in making his own version he introduced this mistake in 
identification. Pliny made a similar mistake when he supposed 
that the stones mentioned in section 33 of this treatise were varie- 
ties of the carbunculus. Clear evidence that he often misinterpreted 
the Greek of Theophrastus, or at least sometimes distorted his 
quotations, is contained in Book XXXVI, section 156, of the 
Natural History, where, after naming his authority, he gives a 
quite inaccurate version of a passage in the History of Plants. 
Bailey^^ discusses this particular case in detail. Apart from this 
statement of Pliny, which is found to be wrong, there is no rea- 
son for supposing that these stones found in the desert were 
smaragdoi. 

There is nothing inherently improbable about the way in 
which the stones are said to have been found, since the sorting 
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action of the wind in blowing away lighter sand particles would 
tend to leave behind the large grains and pebbles. It is probable 
that the fragmentary rock material collected in this manner con- 
sisted of different kinds of colored quartz. 


36. Among choice stones there is also the one called 
the pearl. 


The high value placed upon pearls by the ancients is evident from 
the statements of all early authors who touch on the subject. Pliny, 
for example, begins his elaborate account of the pearl”*” by saying 
that it holds the highest position among all objects of value, 
though in another place^** he ranks it second among the precious 
stones. 

The adjective d:adavyjs has been translated as “translucent,” 
since "transparent," the usual meaning, is not appropriate to the 
pearl. Salmasius thought that the negative ov should be added 
so that the meaning would be “not transparent." Hill accepted 
this reading, but Wimmer did not. It does not seem necessary 
to change the text. 

The eight Greek words in brackets (Atv . . . eùpeyéðns) 
are not in the manuscripts or in Aldus but were taken by Schneider 
from the text of Athenaeus (III, 93), where they are attributed to 
Theophrastus. 


36. pinna. 

This name is now assigned to a genus of large bivalve mollusks 
which inhabit warm seas. The species common in the Mediter- 
ranean, to which Theophrastus is probably referring, was the 
first that was known, and so became the type for the genus. The 
Mediterranean pinna attains a length of about two feet. D'Arcy 
Thompson includes it in his list of Greek fishes under mivvy or 
viva (Latin pinna or perna), but he does not give an English 
name for it. He says that it is a pre-Hellenic word.” 


36. it is produced in India and certain islands in the 
Red Sea. 
Pearl fisheries are still operated today in the Red Sea, the Persian 
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Gulf, and along the coasts of India.”*° In Herodotus the Red Sea 
CEpvOp3) 0áAacca) meant the Indian Ocean, in which the Ara- 
bian Gulf (‘ApaBtos kóAmos), now known as the Red Sea, was 
sometimes included. Later the term was also used for the Persian 
Gulf, e.g., in Diodorus (II, rr), and probably that is the meaning 
here. 


37. But there are some others. 
In this section Theophrastus mentions certain dull opaque orna- 
mental stones. Sappheiros has already been listed twice (secs. 8 
and 23) along with valuable stones, but the closing sentence of 
section 36 indicates that the other materials mentioned in this 
present section were rather common and not highly valued. 


37. fossil ivory which is variegated with white and dark 
markings. 
Though ópvxrós really means "dug up" rather than “fossil” in 
the usual modern sense, it would seem that both meanings are 
equally applicable in this case, for the material was apparently 
derived from the tusks, teeth, or, less probably, the bones of fossil 
animals. Possibly this even refers to ivory in the strict sense of 
the term, for the story of Pliny’ about elephants burying their 
tusks seems to imply that the ancients recovered some ivory from 
the ground, though it is more likely that they dug up the tusks of 
mammoths and mastodons and that this was the real basis of 
Pliny’s statement. Even in modern times a considerable amount 
of so-called ivory has been obtained from such fossil remains, par- 
ticularly in Russia. The allusion to the mottled dark-and-white 
appearance of the material is readily understandable, since fossil 
tusks or teeth are often partly discolored by mineral or organic 
matter. Hill? pointed out that the word pédAav in this passage 
does not necessarily mean "black," which is its most common 
meaning; for the same word is used immediately afterwards with 
reference to sappheiros, where the meaning is clearly “dark” in 
the sense of “dark blue." He therefore suggested that the meaning 
in this passage might also be "dark blue" and that the so-called 
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fossil ivory of Theophrastus was a substance of mottled blue-and- 
white color, not really ivory at all, but the mineral known as tur- 
quoise. Some later authors, e.g., Lenz?’ and Bailey,"* have ac- 
cepted this suggestion and have attempted to improve upon it 
by proposing that the material in question was not true turquoise, 
which is often light blue or green, but false turquoise or odonto- 
lite, which consists of fossil bones colored blue by vivianite, a 
hydrated iron phosphate. However, since all these identifications 
are based on the assumption that the material which Theophrastus 
calls fossil ivory was partly blue in color, they must be considered 
as little better than conjectures. As evidence against them it should 
be noted that Pliny discusses turquoise’ and fossil ivory? in 
separate places, and when he mentions fossil ivory, he directly 
quotes this passage of Theophrastus and other passages about 
bones found in the earth and bony stones, most of which were 
clearly fossil remains. Though Theophrastus classifies fossil ivory 
as a stone, it does not follow that the identification that has been 
suggested is wrong, since elsewhere in the treatise he classifies 
amber and coral, also of organic origin, 1n the same way. 


37. sapphetros. 


It is certain that the cdmdecpos or sapphirus of the ancients was 
not the same stone as the transparent blue gem now called the 
sapphire. Theophrastus lists it here with other opaque minerals, 
and by comparing it with the kyanos implies that it was dark blue 
in color. Pliny, though apparently following Theophrastus in 
part, specifically states that it was blue and never transparent." 
The statement of Theophrastus in section 23 that sappheiros seems 
to be spotted with gold is especially important for its identifica- 
tion. Pliny states in one passage that eastern sapphirus was a 
stone in which gold sparkles, and in a second passage" that it 
was refulgent with spots like gold; and in a third passage" he 
compares it with another stone that was covered with drops of 
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gold. Dionysius Periegetes"' also confirms these descriptions, 
which can only apply to dark-blue lapis lazuli containing dis- 
seminated specks of iron pyrites. Owing to their appearance, these 
were naturally mistaken for gold by the ancients. This variety 
of the mineral is by no means rare. Lapis lazuli of solid color, or 
at least the kind that did not contain conspicuous amounts of 
pyrite, was given the name kyanos, as is explained in the notes 
on section 31. Pliny’ remarks that sappAirus was not suitable for 
engraving when intersected with hard particles, and it is quite 
probable that because of the presence of pyrite, and possibly other 
hard crystalline minerals, the stone was rarely engraved but was 
simply used as a plain ornamental stone. Examples of ancient lapis 
lazuli speckled with iron pyrites have been found, and it is re- 
ported^^ that an ancient imitation made of blue glass containing 
grains of gold has even come to light. 


37. prasitis. 
The quantity of the middle vowel of mpasîres is uncertain. The 
Aldine text has m pacíris, and this accent was accepted by Wim- 
mer. In this same passage aiuarires also appears as aíparíris. 
However, in the lexicon of Liddell-Scott-Jones both nouns appear 
with a long middle vowel like others of the same termination. 

That prasitis was a green stone of some kind is clear both from 
its name and from the remark that Theophrastus makes about its 
color. The name was apparently derived from c páocov (“a leek”), 
and so zpaoirts was probably a stone having a leek-green (dull 
dark-green) color. Theophrastus actually says that it was rusty 
(ins) in color, but this must refer, not to iron rust, but to the 
patina of bronze or copper rendered in the translation as “verdi- 
gris." In previous attempts to identify the stone, commentators 
generally have supposed that it was one of the various transparent 
or translucent green stones. Hill,"* for example, thought it was 
"root of emerald,” referring probably to prase; Lenz" identified 
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it as bluish-green fluorite; and Stephanides"* suggested that it 
was beryl or chrysoberyl. That any of these identifications is cor- 
rect seems very unlikely, for both the immediate context and the 
general content of the section show that Theophrastus is speaking 
of an opaque green stone. Though it is reasonably certain that 
prasitis was green and opaque, the lack of detailed description 
makes its specific identification almost impossible. Possibly it was 
the same as the prasius of Pliny," who lists it as a common stone, 
one variety of which was evidently the same as our heliotrope, a 
kind of dark-green chalcedony or jasper marked with spots of red 
jasper. The statement about its color in the present passage tends 
to show that prasitis was green jasper, though the possibility still 
remains that it was serpentine or some other common green 
opaque stone. Like many other ancient mineral names, prasitis 
may have been a generic term and may therefore have denoted 
any dark-green opaque stone. Cylinders, seals, and various ob- 
jects made of green jasper and other kinds of green opaque stone 
were in use in the Aegean region from early times, as is clear 
from the numerous finds that have been made." 


37. haimatitis. 
All previous commentators have identified this as hematite, na- 
tive ferric oxide; apparently they assumed that it was the same 
as the haematites of Pliny," a term which certainly included 
most varieties of the mineral now called hematite. However, 
Pliny also mentions"^ a precious stone called Aaematitis, and it 
seems more logical to suppose that aiparirıs corresponded to this, 
for Theophrastus is clearly referring to a mineral substance of this 
kind. Furthermore, Theophrastus describes it in accordance with 
its name as having the color of dried blood, and Pliny also states 
that Agematitis was blood-red in color; but these descriptions do 
not apply to the kinds of hematite that are hard enough for use as 
ornamental stones, since these varieties of the mineral are black, 
steel-gray, or, at the most, a dark-brownish red inclining to black. 
Only the streak that appears in these varieties and the soft compact 
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kinds of hematite exhibit the pronounced red color from which 
its name was derived. 

Since Theophrastus is speaking here of an opaque stone, Aaima- 
titis could not have been any of the transparent or translucent red 
stones such as garnet or carnelian, though the practical certainty 
that these were always known by other names is itself sufficient 
warrant for rejecting them. The only common red opaque stone 
extensively used by the ancients was red jasper, an impure form 
of silica colored by ferric oxide, and it seems very probable that 
this was the Aaimatitis of Theophrastus. The allusion to its dull 
texture agrees well with the suggested identification, though it 
is probable that other stones of the same general appearance, such 
as red felsite, would have been given the same name by the an- 
cients. Pliny names Africa as a locality for Aaematitis and men- 
tions its various uses as an amulet, all of which tends to support 
the identification here advanced, for red jasper is of common 
occurrence in northern Africa and it 1s known that the Egyptians 
obtained it locally and frequently used it for amulets and orna- 
mental purposes"? 


37. xanthe. 
Though different in color, this stone was probably dull and opaque 
like the Aaimatitis, since the close relationship between the two 
stones implies that they were similar. Pliny? names xuthos as a 
stone of the same class as his Aaematitis, and it is almost certain 
that xuthos is the Latin equivalent, probably corrupt, of £av6hj, 
for Pliny seems on the whole to be following the statements that 
Theophrastus makes here. Since ha:matitis was probably red jas- 
per, it seems very probable that xanthe was yellow jasper. These 
two varieties of Jasper are similar in all respects except color; even 
the color is due to iron oxide in both stones, but the difference is 
that in yellow jasper the oxide is in the hydrated form. Further- 
more, red jasper and yellow jasper are often found together, some- 
times in the same small piece, and this mode of occurrence proba- 
bly explains why the close relationship between these two kinds 
of impure quartz was early recognized. Numerous ancient ob- 
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Jects of yellow jasper have been found, and since it appears to 
have been the only opaque yellow stone extensively used in an- 
tiquity, there is strong support for the identification given here. 
Yellow jasper was easily available to the peoples of the Mediter- 
ranean region. In particular, Lucas” mentions Sicily and the 
vicinity of Smyrna in Asia Minor as localities for this stone. 


38. coral. 


The spelling xovpadcov which appears in the text is a variant 
of the more usual xopáAAov. In all probability, Theophrastus is 
referring here to the precious red coral, Corallium nobile, a species 
almost entirely confined to the Mediterranean. Both Dioscorides" 
and Pliny? clearly describe its characteristic form and color. It 
is this variety of coral which has been the most important com- 
mercially since very early times, owing to its striking color, luster, 
and fine texture. Red coral occurs frequently along the coasts and 
around the islands of the Mediterranean, and although the most 
important fisheries are now located off the African coast, it is 
still gathered in various areas along the northern side. The im- 
portant localities are the coast of Provence, around Corsica and 
Sardinia, and in the vicinity of Naples and Genoa. In ancient 
times the northern localities were perhaps the only ones known, 
but Dioscorides mentions the promontory of Pachynos near Syra- 
cuse as the most important. This was the southernmost cape of 
Sicily, now known as Capo di Passaro. Pliny mentions various 
other localities, most of them around Italy. The manufacture of 
articles of red coral has for centuries been centered in Italy, par- 
ticularly at Rome, Naples, and Genoa, and this is still true at 
the present day. 

There is little literary evidence that the Greeks used coral to 
any extent for jewelry or other ornamental purposes. Since re- 
cent excavations of the sites of ancient Greek cities have yielded 
no coral ornaments," it is likely that they did not value the ma- 
terial for such purposes. However, there is abundant evidence that 

274 Ancient Egyptian Materials and Industries (London, 1934), p. 347. 

275 V, 138 (Wellmann ed., V, 121). 


276 X XXII, 21-22. 
217 S. J. Hickson, An Introduction to the Study of Recent Corals (Manchester, 1924), 


P. 233. 
e. 140 . 


COMMENTARY 


it was highly prized as an ornament by various Oriental peoples 
in ancient times, and that it was extensively exported from the 
Mediterranean region as an important article of commerce. Coral 
appears to have been used by the Greeks and Romans mainly for 
medicinal purposes. "* This belief in the special curative value of 
coral lasted well into modern times, for it was included in stand- 
ard lists of drugs and in works on therapeutics as late as the last 
century.’ Red coral has long been supposed to possess magical 
properties; it was therefore worn as an amulet in ancient times, 
especially by children," and this practice has by no means dis- 
appeared today. 

Apparently Theophrastus was not sure whether coral should be 
classified as a stone or as a plant. Pliny, on the other hand, was 
doubtful whether to classify it as a plant or as an animal; for 
though his descriptions lead one to suppose that he considered it 
to be a plant, his chapter on coral is included in his book on sea 
animals and the remedies derived from them. This illustrates the 
difficulty that naturalists have had until recent times in classify- 
ing coral. In his notes on this passage, Hill reflects the confusion 
that existed in his day when he says: 

“The Nature and Origin of Coral has been as much contested 
as any one Point in natural Knowledge; the Moderns can neither 
agree with the Antients about it, nor with one another; And there 
are at this Time, among the Men of Eminence in these Studies, 
some who will have it to be of the vegetable, others of the mineral, 
and others of the animal Kingdom." ^" Hill's own conclusion, 
which he defends at length, was that coral is a plant, and he 
roundly criticizes those who think otherwise. But he changed 
his mind in his second edition, where he says it belongs to the 
animal kingdom. The animal nature of most of the corals was not 
understood until after the middle of the eighteenth century?" 
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38. And in a way the petrified Indian reed is not very 
different in its nature from coral. But this is a subject for 
another inquiry. 


Indian reed itself (tvdixds káAapos), which is described by Theo- 
phrastus in his History of Plants," appears to have been a species 
of bamboo. The meaning of the term "petrified Indian reed" is 
very uncertain. The allusion may be to bamboo or some other 
reed incrusted with calcareous sinter or to a true plant fossil. 
Among the works ascribed to Theophrastus by Diogenes Laer- 
tius^* is a treatise On Petrifactions in two books. This lost work 
probably contained a systematic treatment of fossils as distinct 
from ordinary stones and minerals. The final sentence of this sec- 
tion may be an indication that this work was written after the 
treatise On Szones. 


39. Some of these contain gold and silver at the same 


time, but only the silver can be seen clearly. 
Such sulfide minerals as pyrite and galena often contain small 
amounts of gold and silver as impurities, and galena, which itself 
is silver-colored, is the chief modern source of silver. Since galena 
was also the source of the silver at the famous Laurion mines in 
Attica, it seems very likely that Theophrastus 1s alluding to it here. 
There is ample evidence that the citizens of Athens were familiar 
with the operations at these mines, and it is improbable that a 
philosopher like Theophrastus, with his special interest in scien- 
tific matters, would have had no technical information about the 
minerals and the processes used at the mines, especially since there 
was renewed activity in silver mining at Laurion"? during the 
latter half of the fourth century, when this treatise was written. 

The metallic appearance of certain natural sulfides is noted by 
both Dioscorides"? and Pliny.” Though specific names are given 
by these authors to some natural sulfides that resemble metals in 
appearance, there is no evidence that a special name was given to 
any of these minerals at the time of Theophrastus. 
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39. They are rather heavy in weight and have a strong 


odor. 

The sulfides are distinguished as minerals by their moderately high 
specific gravity. The mention of odor also indicates that sulfide 
minerals are meant. Though the pure minerals are odorless, on 
oxidation they easily give rise to sulfur dioxide, and this has a 
characteristic odor which is sharp and disagreeable. The strong 
odor that arose from heating sulfide minerals was certainly well 
known to the ancients, as the operation must have been frequently 
performed in mining districts. At Laurion, for example, it 1s very 
probable that galena was roasted on a large scale as a preliminary 
step in the reduction of the ore." Furthermore, certain natural 
sulfides, such as marcasite, yield traces of sulfur dioxide and hy- 
drogen sulfide when they are exposed to the weather, and their 
odors become strong when the minerals are broken. Both Dios- 
corides"* and Pliny^" allude to the disagreeable odor of certain 
partially decomposed sulfide minerals. 


39. There is also natural kyanos which contains chryso- 


kolla. 


Theophrastus has just mentioned certain minerals or ores that 
resemble metals; he now proceeds in a characteristic way to men- 
tion certain ores that are unlike metals in appearance. From the 
notes on section 26 it will be seen that xpvaokóÀAÀAa was a name 
used by Theophrastus for any bright-green copper mineral of an 
earthy nature. In this passage when he speaks of a blue mineral 
that contains a green copper mineral, the association of the two 
helps to fix the identity of both, since the only two ore minerals 
of these colors that are combined in this way are azurite, a dark- 
blue basic copper carbonate, and malachite, a bright-green basic 
copper carbonate. These two are very commonly found together, 
often intermingled or superimposed on each other. Forms are also 
known that contain an inner core of malachite surrounded by 
azurite. Beautiful specimens of intermingled azurite and mala- 
chite have been found at Laurion. Malachite is the more abundant 
mineral of the two and is often found alone; with or without the 
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associated azurite, it was almost certainly the most important 
source of copper in antiquity. It should be especially noted that 
Theophrastus, in speaking here of kvavos avroduys (native or 
natural kyanos), means a particular mineral. For information on 
the various natural and artificial products that were included 
under the general name kyanos, see the notes on section 55. 


39. There is another stone which is like glowing coals 
in color. 


The Greek is ambiguous here, since the word &vOpa£« can refer 
either to charcoal, presumably in the form of glowing coals, or 
to a red precious stone. This red ore or mineral was probably 
cuprite, native cuprous oxide, which may be deep red or nearly 
black in color. So far as color is concerned, the allusion might 
be to pyrargyrite, otherwise called ruby silver or dark-red silver 
ore, a silver sulfantimonite. However, cuprite is more likely, be- 
cause in the same passage Theophrastus mentions two other ores 
of copper, both of which are commonly found associated with 
cuprite. 


40. In general a great many unusual types of such stones 
are found in mines. 
Theophrastus evidently knew that a large number of mineral 
species existed, and the few that he mentions here and in later 
sections appear to be given mostly as examples of certain classes. 
The distinctions which he makes about the physical form or prop- 
erties of mineral substances also appear to be given only as exam- 
ples. His concluding remark in this section shows that he knew 
that other distinctions were possible. 


4]. the Magnesian stonc. 
It is evident from the descriptions given by Pliny and other an- 
cient authors that various minerals of different chemical com- 
position came from localities bearing the name Magnesia and were 
named after them. A white kind which Pliny?" says was some- 
what like pumice and which came from Magnesia in Asia Minor 
apparently corresponds to the one that Theophrastus mentions 
here. Various conjectures have been made about the identity of 
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this stone. Blümner^ thought it was magnetite, and Stephani- 
des? suggested marcasite, but both identifications are improbable, 
for Theophrastus is speaking here of a stone that can be worked 
on the lathe, and the brittleness and hardness of both these minerals 
would prohibit the use of such a technique, especially with the 
appliances available to the ancients. Stillman’* suggested that it 
might have been marble, dolomite, or gypsum. Though it is not 
improbable that gypsum in the form of alabaster might be in- 
tended, the most likely conjecture was made by Moore," who 
believed that the Magnesian stone of Theophrastus was a form of 
talc. This identification best fits the conditions to be fulfilled: 
it was a soft mineral substance that could be easily turned on a 
lathe, it was available in large pieces, and it was white and in 
some way resembled silver. Some varieties of this hydrous mag- 
nesium silicate exhibit a characteristic white pearly or silvery 
luster. The stone mentioned in the next section was probably an 
impure form of the same mineral. 


42. In Siphnos there 1s a stone of this kind which is dug 
up about three furlongs from the sea. 
Siphnos is an island in the Aegean Sea northeast of Melos. Three 
stades, here translated as furlongs, are equivalent to about 1,820 
feet. Pliny? is the only other ancient author who describes the 
stone found on Siphnos, and he appears to have obtained his in- 
formation about it mainly from the present passage, though he 
adds that the green stone found at Comum (modern Como) in 
northern Italy was put to the same uses. It seems probable that 
this stone found on Siphnos was the variety of impure steatite or 
soapstone called potstone, usually greyish green to dark green in 
color and so soft that vessels of almost any shape can easily be 
carved from it. Though Fiedler”’ was unable to obtain any evi- 
dence that potstone occurred on the island, this does not prove it 
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was never present there, since a fairly large local deposit could have 
been completely worked out by ancient operations. 


42. When it is heated in the fire and dipped in oil, it 
becomes very black and hard; and dishes for the table are 
made out of it. 


The blackening of the stone when it is fired and dipped in oil is 
a phenomenon that is readily understood. If the stone dishes were 
heated to the proper temperature and then dipped in a vegetable 
oil, which probably was the kind employed, black carbonaceous 
matter caused by the pyrolysis of the oil would be deposited on 
the surface of the stone and to some extent in the pores below 
the surface. A simple experiment was performed which showed 
how readily this takes place. One end of a green soapstone block 
ten centimeters long, three centimeters wide, and one centimeter 
thick was heated in a gas flame until it was red-hot, and then the 
entire block was plunged into olive oil. No change of color was 
observed during the heating, but when the block was plunged 
into the oil the heated part became black rapidly, while the rela- 
tively cool end of the block simply darkened slightly from absorp- 
tion of oil by the stone. The blackening was more intense and 
occurred more rapidly in the place where the stone had reached 
the highest temperature. When the process had been repeated 
twice, the color of the part that had been treated became a deep 
black. Possibly this method of successive treatments was the one 
actually employed in ancient times, though Theophrastus does not 
say this. It was also noticed that the blackened stone had a some- 
what greater surface hardness than either the untreated stone or 
the stone treated with oil at room temperature. The results of the 
experiment show that the statements of Theophrastus are quite 
accurate in this passage, as they are 1n other parts of the treatise 
whenever he seems to speak from his own knowledge. Probably 
the main purpose of treating the stone with oil was to harden it 
and make it less porous, though the process may also have 1m- 
proved its appearance. Dishes and other objects made of various 
kinds of steatite were widely used in ancient times, as is shown 
by the large numbers that have been found. Black examples are 
not uncommon, but apparently it is not certain whether their color 
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is due to the impure steatite from which they were made or 
Whether it is the result of use or of some artificial treatment such 
as the one that has just been described. 


43. others can be carved with iron, but only with rather 


blunt tools. 

In spite of the lacunae in the text, it is easy to understand the 
paradoxes which Theophrastus mentions in this and most of the 
following section. He is evidently puzzled by the contrast be- 
tween the hardness of mineral substances and the ease with which 
they can be split or broken. Many minerals or rocks cannot be 
scratched or cut by ordinary iron tools because of their surface 
hardness, yet because of their low cohesive strength they can be 
split or chipped easily by blows from a blunt iron tool. However, 
one might expect a priori that because they are hard they ought 
also to resist forces that tend to break them. As is well known, 
even diamond, the hardest of minerals, can be split with no great 
diffculty. When one mineral can easily scratch or cut another, 
the difference in their cohesive strength may sometimes be such 
that the harder one can be split more readily than the softer one, 
if the tool is made of a material with a lower surface hardness 
than either of the minerals. Theophrastus was apparently the first 
writer to call attention to these matters. It was not until the 
time of Mohs (1773-1839) and other modern mineralogists that 
differences in hardness became important criteria for classifying 
and identifying minerals. 

The text in this section is so corrupt that it cannot be emended 
with certainty. But some interesting emendations suggested by 
Stephanides and others have been combined to form a possible 
reconstruction of it. These appear in a footnote referring to sec- 
tion 43 of the translation. 


44. the stone with which seals are carved. 
That this was corundum, native crystalline aluminum oxide, 
particularly the impure form called emery, is highly probable. 
The strongest argument for this view 1s that corundum was the 
only mineral available to the Greeks that was hard enough for 
engraving varieties of quartz or other hard stones that were com- 
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monly used for seals. Though some have maintained that diamond 
in the form of splinters or powder was used by the ancients for 
engraving stones, there is no real evidence to support this. It is 
very doubtful whether diamonds were even known to the peoples 
of the Mediterranean region in ancient times.” On the other 
hand, there is definite evidence, both literary and geological, that 
corundum in the form of emery was available to them and was 
employed for engraving gems. Dioscorides?" mentions a stone 
named opis as the kind used by jewelers for polishing their 
precious stones, and Hesychius" defines this as a kind of sand 
used for the same purpose. It is from this Greek word that our 
English word, emery, is derived. Pliny, however, appears to use 
adamas as one name for the kind of stone that was employed for 
engraving gems, for he states" that fragments of this were im- 
bedded in iron by engravers and used for cutting the hardest sub- 
stances; and in another place," where he seems to be following 
in part the statements of Theophrastus in this section, he remarks 
that all precious stones may be cut and polished by the aid of 
adamas. Though his descriptions of adamas*®* show that the name 
was a generic one used for various minerals of pronounced hard- 
ness, it seems clear that corundum, either in the form of the well- 
crystallized mineral or in the impure form of emery, was usually 
meant. The adamas mentioned by Theophrastus in section 19 
was probably this same mineral. Possibly Theophrastus does not 
give a definite name to the stone used for engraving seals because 
the corundum or emery that was used for this purpose went by so 
many different names. In another place, Pliny states^^* that the 
stone of Naxos had long been used for cutting and polishing 
precious stones, and though there is some confusion about the 
origin of its name, it is highly probable that it was described in 
this way because it first came from the island of Naxos in the 
Aegean Sea." This makes its identification almost certain, be- 
cause the chief mineral product of Naxos has long been a high 
grade of emery widely used as an abrasive. Later in the same pas- 
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sage Pliny remarks that stones imported from Armenia afterwards 
replaced those of Naxos as cutting and polishing stones, but here 
Pliny has probably misinterpreted what Theophrastus says at 
the close of this section. 


44. whetstone. 

Though it is likely that the ancients generally used siliceous stones 
of various sorts for whetstones, it is possible that massive emery 
was also used for the purpose, for when Pliny" is discussing 
whetstones used with water, he says that the two best kinds came 
from Naxos and Armenia, and he then refers to his previous state- 
ments about their use for cutting precious stones. Certainly when 
Theophrastus speaks about the apparent identity of the whet- 
stone and the stone used for engraving seals, he seems to indicate 
that massive emery was sometimes employed as a whetstone. 
However, since he had no reliable way of identifying two mineral 
substances of similar appearance or properties, his statement can- 
not be taken too seriously. 


44. And the (best) whetstone comes from Armenia. 
This statement is by no means free from difficulty. Schneider sug- 
gested the addition of àpío rq (“best”) to the text, since the article 
7 cannot stand alone in this sentence. The sense requires aú 
(“this stone") or 7 àx«óvy (“the whetstone”). The use of the femi- 
nine shows that Theophrastus is referring to ai axóvac (“whet- 
stones") in the previous sentence and not to ó AiMos (“the stone 
used for engraving seals”). Theophrastus probably did not mean 
to imply that Armenia was the source of the stone used for en- 
graving seals; for neither corundum nor emery is known to occur 
as a commercial mineral within the boundaries of ancient Ar- 
menia. Though extensive commercial deposits of emery do occur 
in Asia Minor, these are all far to the west, mostly in the district 
around Smyrna.°” It may perhaps be asked why a place as far 
away as Armenia is named as a source of the whetstone when 
suitable whetstones could certainly be obtained from places near 
the Mediterranean. Pliny" names several convenient sources like 
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Crete and Mt. Taygetus in Laconia as well as the distant sources 
like Armenia, Cilicia, and countries beyond the Alps. There is, 
however, nothing remarkable about whetstones being brought 
from a distant place like Armenia, since such stones may have 
been far superior in quality to those brought from nearer places. 
At the present day whetstones that have desirable properties and 
can be obtained only in certain places are often exported to distant 
markets. 


45. The nature of the stone which tests gold is remark- 
able, for it seems to have the same power as fire, which can 
test gold too. 


In this and the two following sections, Theophrastus alludes to the 
touchstone and its use in testing precious metals. Since these pas- 
sages contain the earliest account of a method of determining the 
quantitative composition of an alloy, or, indeed, of a material of 
any sort, they are of considerable importance in the history of as- 
saying in particular and of analytical chemistry in general. 

The test of gold by fire is also mentioned by a few other ancient 
writers. Plato apparently alludes to it, and Pliny?" states that 
fire was used to test gold, and that the purity of the metal was 
confirmed if it retained its original color after being heated to red- 
ness. He adds that the term oPrussa was used as the name for the 
test. In the Leyden Papyrus X the following description of the 
ancient test by fire is given in recipe 43: 


A TEST FOR GOLD 


If you wish (to test) the purity of gold, remelt it or heat it. If it 
is pure, it keeps the same color and remains pure like coinage after 
heating. If it appears whiter, it contains silver; if rougher and 
harder, it contains copper and tin; if black and soft, it contains 
lead? 


Pliny??? gives details of the fire test as it was applied to silver, 
and in the Leyden Papyrus X the fire test for silver is described 
immediately after the one for gold that has just been quoted. It 
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seems clear from these descriptions that the ancients applied this 
test in only a qualitative way. It could also have been used for 
rough quantitative measurements, since a similar procedure was 
once used in the French mints to estimate the composition of silver 
alloys,'* and a somewhat similar method was used to estimate the 
percentage of copper in gold alloys in the old mints of Japan."* 
Possibly the ancients also used the fire test for rough assaying, 
though the available evidence certainly gives us no grounds for 
believing this. It is very unlikely, as some have conjectured, that 
in testing gold by fire they ever employed anything like the ac- 
curate modern method of fire assaying in which the gold is iso- 
lated by the fusion of a weighed sample of metal with chemical 
reagents, the silver is removed from the gold by acid treatment 
after this fusion, and finally the pure metal is carefully weighed. 


45. the stone works by friction. 
When gold or gold alloys are tested by being rubbed on a touch- 
stone, a plainly visible streak of metal remains on the black sur- 
face of the stone. The intensity of the yellow color of this streak 
is directly related to the gold content of the metal." In modern 
practice, streaks made bv gold alloys of known composition are 
placed alongside a streak made by the metal that is being tested; 
this 1s done with touch needles, which are a graded series of heavy 
flat needles tipped with gold alloys. The color of the streak left 
by the metal is then compared with the colors of the standard 
streaks, and a match in color indicates that the metal has the same 
gold content as the corresponding standard alloy. In the modern 
use of the touchstone, the streaks left by the standard alloys and 
the unknown metal are nearly always tested by means of chemical 
reagents. With this refinement the method becomes more delicate 
and more reliable. There is no mention in ancient literature of the 
use of touch needles or of standard alloys in any form, but, unless 
standards of some sort had been used, the method would have 
produced only rough results. However, the statements of Theo- 
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phrastus in the next section and those made by Pliny"* show 
clearly that the ancients achieved results in the use of the touch- 
stone that approached in delicacy those obtained at the present 
time. Since the references made by ancient authors to the touch- 
stone and its uses show that they had no direct knowledge of the 
method of performing the test, it is not surprising that no men- 
tion is made by them of any standards of comparison. It is very 
improbable that the ancients made this method of assaying more 
reliable by the use of chemical reagents, since the principal reagents 
that are necessary, namely, nitric acid and aqua regia, were almost 
certainly unknown to them. It is of considerable interest to note 
that the method of testing gold and gold alloys by the touchstone 
is still very widely used at the present time, especially by jewelers 
and by dealers in scrap gold. 

Silver and silver alloys may also be tested by the touchstone, 
though the method is less suitable for silver than for gold. Theo- 
phrastus shows in the next section that the ancients did use the 
touchstone for testing silver. Although it was also used in early 
modern times for assaying the alloys of silver and copper, as 1s 
shown by the detailed descriptions of the process in various early 
works on assaying,’ the method is no longer employed for the 
quantitative testing of silver alloys. It is still used, however, by 
jewelers and by dealers in precious metals to detect silver in vari- 
ous alloys, and appropriate reagents are applied to the streak left 
on the stone by the alloy of unknown composition. In the earlier 
use of the touchstone for assaying alloys of silver and copper, 
graded touch needles composed of alloys of silver and copper were 
employed, and the streak left on the stone by the unknown alloy 
was compared with those left by the standard alloys. 


46. They say that a much better stone has now been 
found than the one used before; for this not only detects 
purified gold, but also gold and silver that are alloyed with 
copper, and it shows how much is mixed 1n each stater. 
Probably the touchstone was first used only in a qualitative way 
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to distinguish fine gold and silver from their alloys, but when 
the technique of performing the test was improved and, as Theo- 
phrastus says here, a better kind of stone was discovered, this test 
was later developed into a method for determining the proportions 
of the precious metals in alloys. Though Theophrastus does not 
say so, the touchstone was undoubtedly used by the ancients to 
determine the proportions of gold and silver in their alloys. Pliny"* 
discusses the different proportions of silver in native gold found 
in different places, and this information probably originated from 
assays made with the touchstone. Moreover, since early Greek 
coins made of gold, silver, or electrum show relationships of 
weight and value, it is clear that a method of assaying gold and 
silver alloys must have been known even before the time of 
Theophrastus. Probably the refined or purified gold mentioned 
in this passage should be understood to include not only fine gold 
but also the alloys of gold combined with silver, especially those 
of high gold content. The analyses that have been made of an- 
cient gold objects show that even the best ancient gold contained 
a sensible proportion of silver, and much of it contained a con- 
siderable proportion. The invariable presence of silver in their 
gold seems to have been recognized by the ancients, for Pliny??? 
remarks that all gold contains silver. The statement of Theo- 
phrastus may therefore be interpreted to include the use of the 
touchstone for assaying the alloys of gold combined with silver. 

The importance of this passage as evidence that the stater was 
the real standard of reference in the Greek system of weights has 
been pointed out by Professor Ridgeway.*” 


46. indications are obtained from the smallest possible 
weight. The smallest is the krithe, and after that there is the 
kollybos, and then the quarter-obol, or the half-obol; and 
from these weights the precise proportion is determined. 
The smallest proportion of metal that can be detected by the touch- 
stone varies considerably and depends chiefly on the skill of the 
operator, the kind of alloy that is being tested, and the relative 
proportions of the metals in it. Though Theophrastus evidently 

518 XXXIII, 8o. 319 XXXIII, 80. 
820 W. Ridgeway, Numismatic Chronicle, Ser. 3, XV (1895), 104-109. 


* 153° 


THEOPHRASTUS ON STONES 


names in ascending order the amounts that can be detected in a 
sample of alloy weighing a stater, he does not give any precise 
information about the relative values of these weights. It is pos- 
sible, however, to deduce both their relative values and their actual 
values in terms of modern weight units. The name of the second 
weight was also used for a small bronze coin, and the names of 
the third and fourth were used for two small silver coins, the 
quarter-obol and the half-obol. Since the stater, which is taken 
as the standard, was also the name of a silver coin, it seems rea- 
sonable to conclude that these weights were the same as those of 
the coins bearing the same names. The Attic silver obol weighed 
about 0.72 of a gram," so that the largest weight was equal to 
about 0.36 of a gram, and the second largest to about o.18 of a 
gram. The smallest weight, the krithé, literally the barleycorn, 
probably weighed about 0.06 of a gram, since in ancient systems 
of weights the smallest denomination was actually the average 
weight of certain seeds, and it can be shown by experiment that 
the barleycorn weighs on the average about 0.06 of a gram. The 
present English troy grain that weighs about 0.065 of a gram ap- 
pears to have been originally based on the weight of the barley- 
corn.” The relative value of the second weight named by Theo- 
phrastus and its equivalent in modern units cannot be deduced 
with equal certainty. According to some authorities"? on ancient 
weights and measures, the kollybos was perhaps equal to 1/32 of 
an obol, but this valuation gives it a weight of only about 0.02 of 
a gram, which, in terms of silver at least, is below the weight of 
the smallest denomination, the krithé. Since Theophrastus evi- 
dently lists the four weights in ascending order of magnitude, 
this weight seems inherently impossible for the kollybos, unless, 
indeed, Theophrastus is using the word krithé in a purely figura- 
tive sense to denote an exceedingly minute quantity. This seems 
very unlikely, however, since all the other denominations are 
clearly to be taken as real weights. Furthermore, it is highly im- 
probable that Theophrastus would have mentioned a weight equal 
321 G. F. Hill, Handbook of Greek and Roman Coins (London, 1899), p. 64. 
322 Ridgeway, Numismatic Chronicle, Ser. 3, XV (1895), 104-109. 
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to only 1/32 of an obol or 1/384 of a stater when he was dis- 
cussing the touchstone method of assaying, because such a small 
difference in weight, if the stater were taken as the standard, 
would have been impossible to detect by this method. Actually, 
the evidence for placing the Rollybos at 1/32 of an obol is out- 
weighed by the contrary evidence furnished by this passage. As 
Ridgeway""* has pointed out, the kollybos must have been a weight 
between the Rrithé and the tetartemorion, and probably had some 
simple relation to both these weights. Ridgeway concluded from 
a passage in Aristophanes," from a definition of Hesychius, "* 
and from numismatic considerations that the kollybos must have 
been equal to 1 8 of an obol, and it seems likely that this con- 
clusion is correct. The relationship between the stater and these 
four weights, and the equivalents of these weights in grams, may 
therefore be tabulated as follows: 


DENOMINATION WEIGHT IN GRAMS RATIO 
Stater 8.72 I 
Hemi-obolos 0.36 1/24 
Tetartemorion 0.18 1/48 
Kollybos 0.09 1/96 
Krithé 0.06 1/144 


It is very doubtful that the ancients, working without chemical 
reagents for enhancing the delicacy of the test, could have used 
the touchstone to detect a single grain of alloying metal in a 
stater of gold alloy, or 1 part in 144, as Theophrastus claims. It is 
even doubtful that they could have detected differences of 1 part 
in 144 in the composition of alloys that are less rich in gold, even 
though these are more easily assayed with the touchstone. 

Professor Gowland,"' who investigated traditional methods 
used by the goldsmiths of Japan, shows that when gold is alloyed 
with silver only and no reagent is used, a skillful assayer can ob- 
tain results with the touchstone that do not differ by more than 
I part in 100 from the results obtained by exact modern methods. 
Even this degree of accuracy can probably be obtained only on 

324 Loc. cit. 
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gold-silver alloys that have a favorable range of composition, and 
it cannot be obtained on gold-copper alloys of any range of com- 
position. Only under the most favorable conditions, including 
the use of reagents, is it possible to reach or exceed the degree of 
delicacy claimed by Theophrastus for the touchstone method of 
assaying. It is said to be possible under such conditions to estimate 
the gold content of alloys that are between 700 and 8oo fine (70 
to 80 per cent of gold) to within 1 part in 200." The ancients 
were probably able to determine differences in composition rep- 
resented by the other weights named by Theophrastus when the 
method was applied to gold alloys. It is especially interesting to 
note that, when the stater is taken as the standard, the two largest 
weights, the tetartemorion and the hemi-obolos, correspond to the 
half-carat and the carat, which are used on the present English 
and American commercial scale to express the quality of gold al- 
loys. It is obvious, therefore, that by means of the weight scale 
given by Theophrastus, the ancient Greeks could have expressed 
the composition of their gold alloys in much the same way as it 
is done today. 

For silver, the touchstone method of assaying is considerably 
less delicate than for gold, though Professor Gowland*”’ shows 
that a skillful assayer can determine the proportion of the metals 
in a rich alloy of silver and copper to within r.5 or 2 parts in 
100. However, alloys poor in silver or very rich in it cannot be 
assayed with even this degree of accuracy. It is clear, therefore, 
that no difference in composition smaller than that represented 
by the zezartemorion could have been determined by the ancients 
when they were assaying silver alloys with the touchstone, and it 
is likely that the method was frequently not sufficiently delicate 
to measure difference in composition smaller than that represented 
by the Aemiobolos when the stater was taken as the standard. 


47. All such stones are found in the river Tmolos. 
No river of this name is mentioned by ancient writers on geog- 
raphy. Strabo?" applies the name to the mountain in Lydia lying 
between the river Hermos on the north and the Kaystros or 
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329 Journal of the Institute of Metals, IV (1910), 13. 
880 XIII, 4, 5 and 12-13. 


- I56 - 


COMMENTARY 


Cayster on the south. He**’ names the Pactolos as a river rising on 
Mt. Tmolos and flowing into the Hermos. Hence it would appear 
that Theophrastus is mistaken about the name of the river in 
which touchstones were found. On the other hand, if the text is 
corrupt, he may originally have spoken of the river that rises on 
Mt. Tmolos. It is also possible that one of the other rivers rising 
on Mt. Tmolos may have been known in ancient times by the 
name of the mountain and that the text as we have it is correct. 

Though Theophrastus in this section and the two preceding 
ones does not give any name to the stone used in testing precious 
metals and their alloys, it should be noted that in section 4 he said 
that a stone of this kind was called 7 Avój, and it seems clear from 
the name of the river mentioned here as the sole source of such 
stones that the name Lydian stone is to be understood. Owing to 
the ambiguity of the text in section 4, it is possible, however, that 
the name "Heraclean stone," which really refers to the lodestone, 
was also applied to the touchstone. An earlier Greek name for 
the touchstone was fjácavos,"" and this name may also have 
been current at the time of Theophrastus. At any rate, all three 
names, or derivations of them, were used by ancient authors later 
than Theophrastus. Sometimes later writers also refer to this stone 
without using any distinctive name. An example of this usage oc- 
curs in the thirty-eighth recipe of the Leyden Papyrus X. It is in- 
teresting to note that mineralogists now describe the kind of stone 
best suited for use as a touchstone by names that are based directly 
on the ancient Greek names. In English, for example, this kind 
of stone is called basanite or, alternatively, Lydian stone."? 


47. They are smooth in nature and like pebbles. 
It is probable that the touchstones described by Theophrastus were 
simply rounded pieces of alluvial slate, since Boz Dagh, the an- 
cient Mt. Tmolos, is comprised largely of gneiss and slate,*** and 
of these two rocks only the slate could have been used for touch- 
stones. Though Theophrastus states that touchstones all came 

831 XII, 3, 27; XIII, r, 23; XIII, 4, 5. 
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from this one locality, it is evident that there were other sources 
of such an abundant material as slate, and even of alluvial slate. 
The wider distribution of the stone used by the ancients for touch- 
stones 1s, in fact, specifically reported by Pliny? However, Theo- 
phrastus may be right in his statement about the source of supply 
in Greece during his lifetime, since slate, particularly the kind 
suitable for use as a touchstone, is by no means a common rock 
on the Greek mainland or on the islands of the Aegean. Black 
slate is a satisfactory material for touchstones, though modern 
touchstones are generally made from a velvety-black form of jasper, 
which is a much better material. 


47. The top part, which has faced the sun, differs from 
the lower surface in its testing power and tests better than 
the other. This ts because the upper surface is drier, for 


moisture prevents it from picking out the metal. 

This difference in the moisture on the upper and lower surfaces 
of the stone can only refer to the condition of the slate when it 
was picked up from the shores of the river or the dry parts of 
the river bed. It is easy to understand why the clean upper surfaces 
of such stones were superior to the lower surfaces, since the latter 
were not only damp but also probably impregnated with fine 
particles of clay which lubricated the surfaces and reduced the de- 
sired abrasive action of the stone. These remarks of Theophrastus 
probably do not refer to the use of touchstones in mints or in 
shops where objects of precious metal were made, but rather to 
their use for testing the quality of metal as it was being mined. 
Thus Theophrastus may be speaking of the touchstone used for 
testing the metal that was mined in or near one of the rivers of 
Mt. Tmolos. There is historical evidence that Mt. Tmolos was an 
important source of gold during the reigns of certain kings of 
Lydia, particularly Alyattes and his son Croesus (560-546 B.c.), 
though not later. It therefore seems likely that the information 
which Theophrastus is giving here may go back to these very min- 
ing operations. Moreover, it is not unlikely that the touchstone 
method of assaying may have come into use at the mines of Mt. 
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Tmolos when the gold deposits were being worked, especially 
since the gold that was found there was probably in the form of 
electrum which varied greatly in quality. This variation is shown 
by the composition of coins made of electrum that were minted 
during the seventh and sixth centuries B.c. in Lydia or the neigh- 
boring countries." Certainly some such method of assaying must 
have been necessary for the determination of the gold content of 
electrum and its value in relation to pure gold or pure silver. 


48. Of such kinds are the special qualities and powers 
found in stones. Earth has fewer of these, though they are 
more peculiar; for it is possible for carth to be melted and 
softened and then hardened again. 

The second part of the treatise, dealing with the various earths, 
begins here. In this context the verb rjxeoOau really describes a 
softening caused by the action of water, and uaAárreo Qa, means 
a softening caused by the action of heat. Therefore rjkea8a« does 
not refer to the melting of earths in the modern sense but rather 
to their disintegration by water. These two different ways of re- 
ducing solid bodies to an apparent or real state of fluidity are 
discussed at length by Aristotle," who makes clear by examples 
the special meanings usually attached to these two words in the 
scientific writings of the Peripatetic school. Moreover, the distinc- 
tion that Theophrastus makes between earths and stones seems to 
be based on the philosophical views expressed by Aristotle about 
liquefaction and solidification. In general, it is based on the Aris- 
totelian doctrine mentioned in section 3, that opposite effects are 
produced by opposite causes. Since earths were supposed to be 
formed by the action of fire alone (sec. 3), they could be disin- 
tegrated readily by the action of water, because water, the moist- 
cold, was the direct opposite of fire, the dry-hot, and hence exer- 
cised the opposite effect on the same kind of matter."* Earths 
could be disintegrated by water, since they were supposed to con- 
tain pores large enough to admit water particles, which could 
easily enter them and cause disintegration.""" On the other hand, 
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stones supposedly could be formed by the action of either fire or 
cold (sec. 3), and even by both, according to Aristotle.** If 
they were formed by cold, that is, by the departure of heat after 
the original matter had been highly heated, they could not be 
dissolved by the action of water, the cold-moist, since this could 
not dissolve what the cold solidified. On the other hand, heat 
could not dissolve them either, because heat was active in forming 
them. Moreover, certain stones, or stony materials such as pot- 
tery, which were supposedly formed by the direct action of fire, 
could not in general be softened or dissolved by fire. Neither 
could they be disintegrated by the action of water, because their 
pores, in contrast to those of earths, were so compacted in the 
process of formation that water could not enter and bring about 
their dissolution.** 

After an earth had been mixed with water, the mixture could 
be readily softened by heat, since it was thought that any kind of 
matter that contained a considerable proportion of water was 
fusible (cf. sec. 10). But the continued action of heat on a mix- 
ture of earth and water could expel the water and so lead, first, 
to the thickening of the mixture and, finally, to its solidifica- 
tion, as for example in the formation of pottery.*** By this process 
earths were transformed into what was stone in its essential na- 
ture, and this "stone" could not again be brought to the fluid 
state by the action of either fire or water. 

Though it was believed that most stones could not be melted by 
fire, certain stones were in fact observed to be fusible (sec. 9). 
This phenomenon was not really an exception to the doctrine that 
opposite effects are produced by opposite causes, since such unusual 
stones contained a certain proportion of residual water which 
caused them to be fusible."** 

The infinitive waddarreo a is an emendation made by Turnebus 
and accepted by Schneider; the manuscripts have àÀXovotioÜa, 
(“to be altered"). This emendation is very plausible, since rHxeo- 
Oar and padarrec ba are followed by rýkerar uév and padarrerar 
dé in the next sentence. 
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48. It melts (along with) substances which are dug up 


and which can be liquefied, just as stone also does. 

Since all fusible substances, as well as metals which were less 
easily fusible, were thought to be composed wholly or in part of 
water, these could logically be as effective as water itself in causing 
an earth to melt. The melting of a stony material on being heated 
along with metals is mentioned in section 9 and discussed in the 
notes on that section. 


48. It ts softened, and stones are made from it. These 
include the variegated ones and other composite stones 
. 3 for all of these are made artificially when they are 


fired and softened. 


Though it seems necessary to translate Aífovs as "stones," the 
context clearly indicates that artificial stony materials are meant. 
For the purpose of scientific classification Theophrastus evidently 
makes little or no distinction between natural stones and materials 
that are artificially produced. This passage clearly refers to the 
manufacture of ceramic products of some sort in which an earthy 
substance such as clay was first "softened" with water and after- 
wards baked or fired. There are not enough descriptive details 
in the passage to tell what particular kinds of ceramic products 
are meant. 


49. And if glass is also formed, as some say, from vitre- 
ous earth, this too 1s made by thickening. 
Though the reading of the text is only x ris úeňírðos, the con- 
text indicates that an earth is to be understood. Strabo'** specifi- 
cally states that a vitreous earth (yy úaňtrıs) was used in Egypt 
in the manufacture of colored glasses. He also mentions the use 
of a special sand (jjágpos vadires) in the manufacture of glass. 
Some commentators have concluded that Theophrastus meant the 
sand used in the manufacture of glass, but this does not seem 
probable. Throughout this part of the treatise he is discussing 
earths in particular. If he had specifically meant a sand, it is likely 
that he would have used the special word for it, as he does in sec- 
tions 21, 40, and 58. 
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It is evident that Theophrastus had no first-hand knowledge of 
the way in which glass was made. Though glass objects of many 
kinds were well-known objects of commerce at the time, his ig- 
norance is perhaps excusable, since there is apparently no literary?*^ 
or archaeological evidence that glass was manufactured in ancient 
Greece. 

Although the process of thickening (máxvvats) may seem to 
have no connection with the processes of softening or firing, in 
the Aristotelian sense of the word it was closely related to these 
other processes and was often a necessary consequence of them. 
According to Aristotle," "thickening" was the compacting of 
dry matter by the removal of moisture, and this moisture could 
be removed by the agency of fire. Thus firing was a means of 
thickening. Moreover, the phenomenon of softening might occur 
in the course of thickening an earthy substance by the action of 
fire. Theophrastus apparently believed that glass was made by 
subjecting a particular earth to the action of fire, which com- 
pacted it to form glass. Here again, Theophrastus is clearly fol- 
lowing the doctrines of Aristotle. 


49. The most unusual earth 1s the one mixed with cop- 
per; for in addition to melting and mixing, tt also has the 


remarkable power of improving the beauty of the color. 
Since it is not certain what noun should be understood with the 
feminine article 7j, this passage as a whole has been explained in 
very different ways. Hill*** evidently believed that Theophrastus 
was still alluding to glass manufacture, and he therefore con- 
cluded that the article referred to teXos ("glass"), which is men- 
tioned in the preceding sentence. Furthermore, Hill concluded 
from a suggestion of De Laet that the word xaA«o (“copper”) 
was originally xác (“gravel”), and he not only made this un- 
warranted alteration in the text but translated it incorrectly as 
“flints.” Hence his translation of this passage is radically different 
from the one given here. Various scholars have accepted Hill's 
view that the passage refers to glass, but most of them have not 
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followed him in his change of the text.™ Stillman, for example, 
criticizes Hill for changing the text and gives the following trans- 
lation: “But most peculiar is that (glass) which is mixed with 
copper, for in addition to the melting and mixing, it has the 
additional property of causing a beautiful difference in color." 
Stillman considers this passage to be of historical importance as 
the first reference in literature to the coloring of glass with copper. 
His interpretation of the passage is plausible, since the intentional 
coloring of glass with copper was evidently a very common prac- 
tice in ancient times, as is shown by the results of many modern 
analyses of ancient colored glasses. Though it would seem more 
likely that the copper was added in the form of an oxide or of 
certain copper minerals such as malachite, it is clear from a state- 
ment in Pliny that it actually was used in ancient glass manufac- 
ture. After remarking that the restless ingenuity of man was not 
long content to make glass from sand and soda alone, Pliny names 
various ingredients that were added and then says: levibus autem 
aridisque lignis coquitur, addito cypro ac nitro, maxime Aegyptio. 
continuis fornacibus ut aes liquatur massaeque fiunt colore pingui 
nigricantes."" (A fire of light, dry wood is used, and copper and 
soda, especially the Egyptian kind, are added. The smelting is 
done, like that of copper. in a series of furnaces. Dark masses of 
a rich color are obtained.) Evidently the copper was oxidized 
rapidly enough in such a process to change it more or less com- 
pletely into oxide which combined with the silica. Stillman’s inter- 
pretation is therefore not only possible but very plausible. 

It is unlikely. however, that the feminine article refers to glass, 
for the word $eXos (another form of vados) is masculine in the 
preceding sentence. Since the word is usually feminine, it 1s pos- 
sible that the masculine article ó is a textual error, but there is no 
evidence for this. The word vedtris (“vitreous earth"), which oc- 
curs in the same sentence, is feminine, but 1t 1s unlikely that the 
article 7) refers to this. It is most probable that it refers to the word 
yn ("earth") in the sentence beginning with the words ai 8e re 
ys in section 48. 

349 Cf. Lenz, Mineralogie der alten Griechen. und Rómer, p. 24; Blümner, Tech- 
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There is an analogous passage in the pseudo-Aristotelian work 
De Mirabilibus Auscultationibus which is not at all ambiguous 
and suggests that the present interpretation is correct. This pas- 
sage may be translated as follows: 


They say that the copper of the Mossynoeci is very brilliant and 
light in color, though tin is not mixed with it, but a kind of earth 
which occurs there is smelted with it. They say that the discoverer 
of the mixture did not instruct anyone else, so that the copper ob- 
jects formerly produced in these regions are superior, whereas 
those made subsequently are no longer so?! 


In his Latin translation, which he attributed to Turnebus, 
Schneider recognized that the article 7] referred to yñ when he 
wrote: Singularis est proprietas terrae quae miscetur aeri"? Ros- 
signol*** showed by a French translation of this particular passage 
that he also recognized it to have this meaning, and this was ac- 
cepted without question by Rickard."* Moreover, Mieleitner^" 
gives the same interpretation in his German translation. On the 
other hand, Mély*** follows the interpretation of Hill. It is proba- 
ble that much of the confusion about the meaning of the passage 
arose because editors did not always recognize the place where 
Theophrastus begins a new topic. In the text as it has generally 
been printed, section 49 does not seem to begin at the right place, 
and in the present translation this has been corrected by starting 
a new paragraph within section 49. 

Many scholars have concluded that the passage just quoted 
from the De Mirabilibus Auscultationibus refers to the manu- 
facture of brass by the calamine process, and both Rossignol and 
Rickard assume without question that Theophrastus is also re- 
ferring to the manufacture of brass. This is improbable, even 
though the theory seems plausible. The two passages apparently 
refer to the same process, and both appear to contain a circum- 
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stantial, though very sketchy, account of the manufacture of brass 
by the ancient calamine process in which the copper was alloyed 
by melting the metal in the presence of the zinc ore, calamine, 
instead of directly with metallic zinc. The theory seems even 
more plausible because it is known from a variety of evidence that 
brass was manufactured by this process in Roman Imperial times. 
However, no specimens of brass dating from the time of Theo- 
phrastus or belonging to the two centuries after the date of his 
treatise have ever been found. It is true that a few early specimens 
of bronze containing zinc have been found; the earliest of these 
comes from Gezer in Palestine and dates from the second mil- 
lennium 5&.c.,""* but such bronze appears to be of accidental origin 
and, strictly speaking, is not brass at all. The earliest true brass 
is apparently the Roman alloy which first appeared about the 
middle of the first century s.c. and was widely used for at least 
the next two centuries. [t is possible that no specimens of Greek 
brass have been found because there has not been enough archaeo- 
logical exploration or chemical analysis of ancient Greek metal 
objects. At anv rate, objective evidence that brass was manufac- 
tured at the time of Theophrastus does not exist. There may be no 
such evidence, because brass was made during Greek times only 
in some obscure locality or for only a brief period. This view 
seems to be justified by the passage in the De Mirabilibus Auscul- 
tationibus. Therefore it might be possible to argue that, in spite 
of the lack of objective evidence, this passage in the treatise On 
Stones alludes to the manufacture of brass; if so, it can be re- 
garded as the earliest allusion of definite date to the manufacture 
of this alloy, since the passage in the pseudo-Aristotelian work 
cannot be dated with certainty and is probably later. 

However, both this passage and the one in the De Mirabilibus 
Auscultationibus can be interpreted in other ways. The "earth" 
that was smelted with the copper in order to change the color of 
the metal may not have been calamine but some other earthy 
mineral. It may, for example, have been an arsenic mineral such 
as realgar or orpiment, or some arsenic preparation derived from 
one or the other of these minerals. Of some significance, perhaps, 
is the word Aevkórarov, which is used in describing the appearance 
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of the metal in the De Mirabilibus Auscultationibus. This word 
may easily be translated “very white" instead of "very pale" or 
"very light in color," and if the word is so understood, then the 
metal could not have been brass. However, it could have been a 
copper-arsenic alloy, since such alloys, even when they contain 
a relatively small proportion of arsenic, are white in color, not 
yellow like brass or bronze. Alloys of copper and arsenic were 
known in the Aegean region from very early times, as has been 
shown by chemical analyses.** Moreover, two recipes in the Ley- 
den Papyrus X give methods of whitening copper by treating the 
metal with arsenic minerals or with products derived from such 
minerals. One of these recipes (No. 23) reads as follows: 


WHITENING OF COPPER 


To whiten copper, so that it can be mixed with silver bullion in 
equal parts, and not be recognized: take Cyprian copper, melt it, 
add one mina of decomposed realgar, two drachmas of ironlike 
realgar. and five drachmas of lamellose alum, and melt (again). 
In the second fusion four drachmas, or less, of Pontic wax are 
added, and the mixture is ignited and poured out.**® 


Probably the decomposed realgar mentioned in this recipe was, 
at least in part, arsenious oxide prepared by roasting the mineral, 
and the iron-like realgar may have been native arsenic. The wax 
served both to reduce arsenic compounds, so that the arsenic 
would alloy with the copper, and to prevent the oxidation of 
copper and arsenic during melting and casting. It may be of some 
significance that the wax is described as Pontic, since the account 
in the De Mirabilibus Auscultationibus refers to the manufacture 
of “whitened” copper by people living in one part of Pontus. 
This suggests that the account refers to the manufacture of a 
copper-arsenic alloy, not brass. 

Since this passage in Theophrastus is similar to the one in the 
De Mirabilibus Auscultationibus, it might be argued that it also 
refers to the manufacture of a copper-arsenic alloy. However, the 
two passages are not so much alike that this conclusion is entirely 
logical. Theophrastus actually says nothing about whitening the 
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copper or even about making it paler in color. He merely states 
that the treatment with the earth improves the color of the metal. 
Therefore, it seems rather more likely that he may be referring 
to a refining process in which impure copper or bronze was 
melted with some earthy substance in order to purify the metal 
and give it a bright metallic appearance. The purification of 
metals by melting them and treating them with earthy material 
was a common practice in ancient times, as is shown by the many 
recipes in the Leyden Papyrus X where such purification processes 
are described. Frequently the earthy material was of a bituminous 
nature, and this served to reduce oxidized metal back to the 
metallic state. It seems rather significant that in the next sen- 
tence Theophrastus mentions another peculiar earth which was 
certainly a natural bituminous material. 

On the whole it seems impossible to establish with certainty 
the exact nature of the process that Theophrastus mentions in 
this passage. He mav be alluding to the manufacture of brass or 
to the manufacture of a copper-arsenic alloy. but it is much more 
probable that he is alluding to a mere refining process in which 
bronze or copper, possibly in the form of crude or scrap metal, 
was melted in the presence of some earthy substance, perhaps a 
bituminous earth, in order to obtain clean metal of improved ap- 
pearance. 


49. And in Cilicia there is a kind of earth which be- 
comes sticky when it is boiled, and vines are smeared with 
this instead of birdlime to protect them from woodworms. 
Though Theophrastus does not give a name to the peculiar earth 
that was used for treating vines, later writers generally give a 
specific name to an earth that was probably the same as this or 
very similar to it. Dioscorides*™ calls it yj àügmeAtris (“grapevine 
earth"), but mentions that some persons call it papparîrıs (phar- 
makitis). Galen*' calls it simply duzeXtris, and the Latin name 
ampelitis, given by Pliny," is obviously a mere transliteration of 
this Greek name. 
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Not only the descriptions of its properties given by ancient 
Writers but also the localities that they mention as its source show 
beyond doubt that it was a natural bituminous material of some 
kind. The clearest description is that of Dioscorides, who says: 
“One should select the black kind, which resembles long pieces 
of pine charcoal, and is splintery and somewhat shiny, and which, 
furthermore, does not dissolve slowly when it is ground fine and 
some oil is poured over it." As Forbes! rightly pointed out, this 
is a description of a pure bitumen or asphaltite. In particular, it 
corresponds closely to what is now called glance pitch, a kind of 
bitumen which is known to occur in small deposits in the very 
localities where the ancient material is said to have been found. 
The Seleucian Syria named by Dioscorides as the source was 
next to Cilicia, the district which "Theophrastus names, and it 
included the Pierian Seleucia, which, according to Strabo, was 
the source named by Posidonius. Even though these localities 
are all in the same general region, the identity of the material 
cannot be fixed, since small deposits of various other bitumens 
also occur in the coastal districts at the extreme northwestern 
corner of the Mediterranean. 

It may be objected that Theophrastus would not classify a com- 
pact material like glance pitch as an earth, especially since he has 
previously classified other compact bitumens as stones. Neverthe- 
less, he might have regarded it as an earth in a special sense, for 
Galen? remarks that such a material was called an earth only 
because it could be resolved into a "mud" with water. There are 
positive indications, however, that the material used on vines 
at the time of Theophrastus was only a clay or sand impregnated 
with asphalt, which clearly could have been called an earth, and 
that in later times a pure bitumen came into use; this was still 
called an earth because it was used for the same purpose as the 
earlier material and was of the same general nature. When Theo- 
phrastus speaks of boiling the earth that was applied to vines, 
this is an indication that it was not glance pitch, for this bitumen 
has a high softening or melting point and a very high boiling 


363 Bitumen and Petroleum in Antiquity, p. 19. 


864 VII, 5, 8. 
365 De simplicium medicamentorum. temperamentis ac facultatibus, IX (Kühn ed., 


XII, 186). 
. 168 - 


COMMENTARY 


point. On the other hand, some of the impure bitumens soften 
or fuse at a low temperature and contain a good deal of enclosed 
water. When this water is heated at a relatively low temperature, 
it is expelled and makes the mixture look as if it were boiling. 
The apparent difference in the method of preparing the material 
at the time of Theophrastus and at later times also indicates that 
it was an impure bitumen. Posidonius""^ states that before appli- 
cation it was mixed with oil, which would be necessary if a viscous 
material were to be formed out of glance pitch. Dioscorides""" also 
mentions its solubility in oil, though he does not specifically state 
that it was dissolved in oil before it was applied to the vines. 
Theophrastus, it will be noted, says nothing about adding oil. 
Possibly he was unaware that oil was mixed with it, or possibly 
when he refers to a boiling process, he means that the material 
was dissolved in hot oil. On the other hand, with some impure 
bitumens no addition of oil would have been necessary to obtain 
a preparation suitable for vines. Therefore, it is not unlikely that 
the earth here mentioned by Theophrastus was a bituminous clay 
or sand. not the pure bitumen which appears to have been used 
in later times. 

Though the main reason for applying a bituminous prepara- 
tion to the vines seems to have been to catch harmful insects on 
its sticky surface, it 1s also possible that it had an important and 
perhaps unrecognized virtue as a fungicide. 


50. It would also be possible to determine the differ- 
ences that are naturally adapted for causing earth to turn 
into stone; for those that are due to locality, which cause dif- 
ferent kinds of savors, have their own peculiar nature, like 
those which affect the savors of plants. But tt would be best 
to list them according to their colors. 

In his Causes of Plants," Theophrastus makes a comparison be- 
tween the juices or flavors in plants and in earths. He seems to 
imply here that differences in environment, which certainly cause 
differences in plants, may also cause differences in the properties 
of earths, and that it might be possible to classify earths on such 
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a basis. But he does not give such a classification, probably because 
he did not find it practicable. Instead, he suggests that it would 
be better to classify them according to color. This is another in- 
dication that the attitude of Theophrastus toward scientific prob- 
lems tends on the whole to be more practical than that of his 
immediate predecessors, Plato and Aristotle, both of whom were 
more Interested in the philosophical aspects of these problems 
than in their practical solution. Although Theophrastus suggests 
that earths should be classified according to color, he does not fol- 
low his own suggestion very closely in his discussion of the various 
kinds of earths. For example, the two red pigments, cinnabar and 
red ochre, are described in widely separated sections. Again, white 
lead is described in one section, and other white earthy substances 
are discussed much further on in the treatise. The truth is that 
Theophrastus does not seem to have found any systematic method 
of classifying what he calls earths, though some order is evident 
in his arrangement. Thus the two ochres, red ochre and yellow 
ochre, are treated together, probably because they are found to- 
gether and are otherwise related. White lead and verdigris are 
mentioned one after the other, apparently because they were 
manufactured in a similar way. In reality, Theophrastus groups 
the earths according to similarities in their use, mode of occur- 
rence, or method of manufacture, rather than according to their 
color. 

The manuscripts do not contain any reference to location or 
environment; Wimmer substituted ràv rozwy ("places") for rovs 
rovrov, following a conjecture by Schneider. And Turnebus ex- 
presses the same idea when he writes locorum succos in his Latin 
translation. 


50. Moreover, some seem to have been set on fire and 
burnt, such as realgar and orpiment and others of the same 
kind. To put it plainly, all of these result from a dry and 
smoky exhalation. 


As was explained in the notes on section 3, Theophrastus closely 
follows the ideas of Aristotle about the origin of earths,*® though 


869 For further discussion of the similarity of the ideas of Aristotle and Theophrastus 
on the origin of mineral substances generally, and for remarks on the interpretation of 
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he is more specific about the origin of earths through fire. The 
concluding statements of sections 54 and 69 are of particular in- 
terest, since they express his belief that fire was the causative 
agent in the formation of certain earths. The final statement of 
Theophrastus in this present section is of special significance in 
the history of theories of combustion, since it is really a root 
idea underlying most of the theories promulgated before the 
time of Lavoisier. The famous and erroneous phlogiston theory 
of Becher and Stahl, for example, which was so widely accepted 
in the eighteenth century, embodied the same idea as a funda- 
mental principle. 


51. orpiment, realgar. 
It is important to note that these mineral substances are nearly 
always mentioned together by ancient writers, since this helps 
to identify them as the two native sulfides of arsenic. Theophras- 
tus has previously mentioned them together in section 40 and 
again in section so. Both Dioscorides? and Pliny? mention them 
in successive sections. The names arrhenicum and sandaraca that 
Pliny uses are obviously mere transliterations of the Greek names 
used by Theophrastus. Orpiment, native yellow arsenic sulfide 
(As;S;), and realgar, native orange-red arsenic sulfide (As,S,), 
nearly always occur together and are often found intermingled 
in the same small specimen. Pliny alludes to the mixed form of 
the two minerals, and Dioscorides states that they are found in 
the same mines. This peculiar mode of occurrence is sufficient 
to explain why they are always discussed together by ancient 
authors. Since the Leyden Papyrus X°” and other early technical 
works mention the use of one or the other of these minerals for 
whitening copper, it is almost certain that they were arsenic com- 
pounds, and the various descriptions of their physiological effects 
supply further evidence. The descriptions of their physical ap- 
pearance given by Dioscorides and by Pliny are adequate to 
identify them as these particular arsenic minerals. 

A few specimens of ancient orpiment and realgar have been 
found and positively identified as such by chemical tests. During 
the excavations at Corinth in 1926 Shear found a pottery vessel 
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containing an orange-red pigment which was subsequently ex- 
amined by Foster” and identified as realgar. A sample of a yel- 
low pigment found in a Greek grave dating from the fifth or 
fourth century s.c. was identified by Rhousopoulos"* as pure 
orpiment. It is likely that both orpiment and realgar were used 
as pigments long before the time of Theophrastus, although at 
present the evidence applies only to orpiment. This natural pig- 
ment has been found on Egyptian mural paintings and on various 
Egyptian objects dating from as early as the Eighteenth Dynasty, 
and a linen bag containing a small quantity of the mineral was 
discovered in the tomb of Tutankhamen."* Since orpiment and 
realgar occur much less frequently than other pigments on Greek 
objects found in excavations, it is probable that they were not 
very much used as colors in Greek times. 

Though they occur at various places in Europe, it seems almost 
certain from the statements of ancient authors that the only an- 
cient sources of supply were in Asia Minor or even farther to 
the east. Strabo'""* speaks of a realgar mine at Pompeiopolis in 
Paphlagonia, and Vitruvius"! mentions that orpiment was dug 
up in Pontus. Dioscorides" also gives Pontus as a source of 
orpiment and mentions Mysia and Cappadocia in addition. Mod- 
ern geological exploration has shown that orpiment and realgar 
occur at various places in Asia Minor. 


5l. red ochre. 

Though there can be no doubt that the word píiàros usually 
designated what we now call red ochre, a mixture of red ferric 
oxide with clay, sand, and other impurities, this was probably a 
general term, like so many of the other Greek names for min- 
erals, which included all the pigments that owe their color to 
the presence of red ferric oxide. That it was applied to an artificial 
red iron oxide pigment is clear from what Theophrastus says in 
sections 53 and 54. His remarks in section 53 about a light-colored 
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variety, and the results of analyses of Greek iron oxide pigments, 
suggest that it was also applied to pale red or even pink pigments 
consisting of little more than clay or chalk colored with ferric 
oxide. On examining eight such pigments that were found on 
objects excavated at Athens, Midgley'" discovered that six of 
them contained less than twenty per cent of ferric oxide, and 
that one of them, a pink pigment, contained only about three and 
a half per cent. Since no special name appears to have been ap- 
plied to red iron oxide pigments artificially produced by roasting 
yellow ochre, or to the pale red or pink pigments, it 1s very likely 
that they went by the same name as red ochre itself. 

Red ochre and other red iron oxide pigments occur so fre- 
quently on ancient Greek objects of all sorts, and so many ves- 
sels containing the remains of these pigments have been found, 
that they were probably used in Greek times more extensively 
than any other kind of pigment. Probably their great abundance 
and low cost were the principal reasons for their widespread use. 


51. yellow ochre. 


It seems reasonably certain that the word @ypa invariably desig- 
nated what today is called yellow ochre, a mixture of hydrated 
ferric oxide with clay, sand, and other impurities. The informa- 
tion in sections 53 and 54 about the conversion of óypa into pidtos 
by roasting is almost decisive for this identification. Moreover, 
the chemical examination of ancient pigments of yellow ochre 
that were found in the excavations of the Agora at Athens has 
shown that they have the same composition as the mineral now 
called yellow ochre. 

Theophrastus discusses the occurrence and the sources of red 
ochre, but he says very little about the sources of the yellow ochre 
used in his day. Probably this is because the principal source of 
the best yellow ochre was so well known to him and to his con- 
temporaries that he considered it. quite unnecessary to mention it. 
Most of the later writers on ancient pigments mention Attica as 
the source of the best yellow ochre. Dioscorides*™™ actually im- 
plies that it was the only satisfactory source. Pliny°°* names other 

379 S. W. Midgley, “Chemical Analysis of Ancient Athenian Pigments,” Senior thesis, 


Princeton University, 1936, pp. 14-21. 
380 V, 108 (Wellmann ed., V, 93). 881 XXXIII, 158-59. 


* 173 * 


THEOPHRASTUS ON STONES 


sources of yellow ochre, to which he gives the name sil, but states 
that the Attic mineral was the best. On the other hand, though 
Vitruvius? also names Attic ochre as the best, he states that it 
was not obtainable, and implies that this was because the Lau- 
ron mines were no longer in operation. Some yellow as well 
as red ochre can still be found at Laurion in the ancient mining 
district, and very good specimens have been collected in the 
modern workings. There are indications of old workings of iron 
minerals in various parts of Attica." Yellow ochre also occurs 
elsewhere in Greece and on several of the Aegean islands. Pliny 
shows that it was mined in Greece outside Attica in ancient times; 
he names the island of Scyros as well as the province of Achaia 
as sources of a dark variety of yellow ochre. 

Though modern excavation has shown that yellow ochre was 
less commonly used by the ancient Greeks than red ochre, it is 
clear that it was more extensively used than most of the other 
kinds of pigments. It was certainly the only yellow pigment that 
was in common use. 


5l. chrysokolla. 


As was explained in the notes on section 26, this was a general 
name denoting any bright-green copper mineral that occurred 
as an earthy incrustation. It is clear from its inclusion here among 
the coloring materials that the ancient chrysokolla was used as a 
pigment and not solely as a "gold-glue," as its name suggests. 
There is definite archaeological evidence that the natural green 
copper carbonate known as malachite was used by the Greeks 
as a pigment. For example, Midgley"* demonstrated that mala- 
chite was the green coloring material on a terra cotta object of 
the fourth century B.c. found in the excavations at Athens. It is 
likely that natural copper silicate, the modern chrysocolla, was 
also used as a green pigment, although this mineral has not actu- 
ally been found among the Greek pigments that have been chemi- 
cally investigated. On the whole, the rather marked scarcity of 
green copper pigments on ancient Greek objects tends to show 
that they were not much used as coloring materials by the Greeks. 
382 VII, 7, 1. 
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5l. kyanos. 

From the context this would appear to be the natural kyanos, blue 
copper carbonate, which Theophrastus has mentioned before in 
section 39. It was rarely used as a coloring material, so far as this 
can be decided by the examination of pigments found on ancient 
Greek objects. Thus the archaeological evidence confirms the re- 
mark of Theophrastus about the scarcity of the pigment. An arti- 
ficial calcium copper silicate was much more widely used as a 
blue pigment by the Greeks. Detailed information about the blue 
pigments included under the name kyanos is given in the notes 
on section 55. 


51. yellow ochre can take the place of orpiment, since 
there is no real difference in their color, though there seems 


to be. 

Though both are yellow pigments, orpiment is actually more 
brilliant in tone than yellow ochre. Since no Greek portraits of 
the time of Theophrastus have survived, it cannot now be de- 
termined to what extent yellow ochre was used instead of the 
more brilliant orpiment. Probably it was used to a much greater 
extent, if one may judge from the pigments found on Egyptian 
and Roman mural paintings. Pliny**® names Polygnotus and 
Micon as the first artists to use yellow ochre, and adds that they 
used only Attic ochre, though their successors used other kinds 
as well. 


52. Butin some places there are mines that even contain 

both red ochre and yellow ochre together, as for example in 
Cappadocia. 
Red ochre and yellow ochre often occur together as well as in 
separate deposits. Modern geological surveys show that iron oxide 
minerals of various sorts are still to be found in considerable quan- 
tities within the limits of ancient Cappadocia in central Asia 
Minor." 
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52. But they say that the risk of suffocation is a serious 

matter for the miners, since this can happen to them quickly 
and takes a very short time. 
Accidents were probably the result of inadequate timbering or 
other means of support in the galleries or shafts cut in soft, dan- 
gerous ground. That the roofs of ancient mines were often im- 
properly supported is clear from ancient allusions to mining ac- 
cidents and from modern explorations of ancient mines. Statius" 
likens the burial of a miner under a falling roof in the silver mines 
of Spain to the sudden crushing of a wrestler by his opponent. 
Gowland*** reports that the skeletons of more than fifty men 
were discovered in some very old workings near ancient Iconi- 
um in Asia Minor; they had evidently been entombed in an 
underground chamber by the sudden collapse of the gallery lead- 
ing to the open air. In section 63, Theophrastus describes how a 
white earthy mineral was mined on the island of Samos and shows 
clearly how dangerous it was to work in mines exploited for soft 
minerals. Though it is barely possible that Theophrastus may be 
alluding here to accidents caused by the presence of noxious 
gases, this is very unlikely, since such gases would normally be 
absent from ochre mines. 


52. The best red ochre seems to be that of Ceos. 
Ceos (Kéws), an island in the Aegean situated about fourteen 
miles southeast of the southern tip of Attica, is not mentioned by 
Dioscorides, Pliny, or Vitruvius as a source of the pigment. This 
suggests that the ochre mines on Ceos, though at one time yield- 
ing an excellent product, were exhausted before the beginning 
of the Christian Era. According to Davies, °° it is still possible to 
see signs of the ancient mining of iron minerals at various places 
on the island. At Spathi, for example, there are said to be ancient 
stopes and galleries. At Oriko, three miles south of Spathi, many 
ancient stopes and adits, some containing ancient tools, were un- 
covered when the mines were reopened in modern times. Traces 
of ancient galleries only two to three feet high are said to be in 
387 Thebaid, VI, 880-85. 
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evidence at this place. The presence of black-glaze sherds near 
the site affords a clue to the date of the workings. Caves in the 
brown ironstone on the northeast coast may, however, have been 
the site of the principal ancient workings. Some interesting evi- 
dence concerning the ancient mining of red ochre on Ceos is given 
by an inscription belonging to the fourth century B.c. which 
records an agreement between Athens and Ceos for regulating 
the export of red ochre from the island; the terms provided that 
this could not be exported except to Athens and could be sent 
only on an authorized vessel.*^" 


22. iron mines also contain red ochre. 

This shows clearly enough that the term pidros was applied to 
earthy hematite containing a high proportion of ferric oxide as 
well as to red ochre in the modern sense. Midgley'" found 48 
per cent of ferric oxide in a deep red pigment taken from a terra 
cotta object discovered in the excavations at Athens. This is a 
high enough proportion to class the pigment as an iron ore. A 
brownish-red pigment found in the bottom of a broken vessel 
discovered in the Athenian Agora has been identified as earthy 
hematite. 


52. the Lemnian kind. 
Lemnos, a fairly large island in the northern Aegean Sea, midway 
between Mt. Athos and the Hellespont, is still known locally as 
the source of a particular kind of medicinal earth. The accounts 
of Pliny and Dioscorides suggest that the red ochre of Lemnos 
was the same as the famous medicinal earth of that island, though 
it is very doubtful that this is true. Pliny" mentions Lemnian 
rubrica as a pigment that was regarded by some authorities as the 
best of the red ochres, inferior only to cinnabar. But he goes on 
to say that every piece sold was officially sealed, and for this rea- 
son the name spAragis was given to it. These statements seem to 
identify this variety of red ochre as the Lemnian medicinal earth, 
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impressed with a seal. Dioscorides**® discusses the Lemnian medic- 
inal earth immediately after his paragraphs on Sinopic ochre and 
artificial red ochre but does not mention it in the part of his work 
devoted to other medicinal earths. That Pliny confused two quite 
different earths found on Lemnos, or at least two different kinds 
of red ochre, seems clear from the critical and detailed statements 
of Galen, who actually visited Lemnos to investigate the manu- 
facture of the medicinal earth for which the island was then 
famous. According to Galen there were, in fact, three different 
earths found on Lemnos. One was the medicinal earth, another 
was a true red ochre suitable for use in painting, and still another 
was an earth used for cleaning clothes. Galen further remarks 
that some people called the medicinal earth piAros because of its 
color, though this was an incorrect designation. He clearly differ- 
entiates between the medicinal earth of Lemnos and the red ochre 
of the island when he says: "Though it has the same color as red 
ochre, it differs from it in not staining when it is touched... 2294 
It may be concluded, therefore, that the Lemnian miltos men- 
tioned by Theophrastus was a true red ochre suitable for use as a 
paint pigment, whereas the Lemnian medicinal earth, which he 
does not mention anywhere in this treatise, was probably a clay 
stained red with ferric oxide. This was used extensively as a popu- 
lar remedy in various European countries until comparatively re- 
cent times. 


52. the one called Sinopic; this is really Cappadocian 


red ochre, but it 1s brought down to Sinope. 
Since Sinope, the modern Sinub or Sinop, had the only good 
natural harbor along the entire south coast of the Euxine, it was 
the principal port for the export of products from the whole 
eastern part of Asia Minor. None of these products seems to have 
been as widely known as the valuable red ochre named after the 
city. This was so famous that the term szopis finally became a 
synonym for red ochre itself. Pliny" remarks that sinopis de- 
rived its name from the Pontic city of Sinope, and adds that it 
893 V, 113 (Wellmann ed., V, 97). 
894 De simplicium medicamentorum temperamentis ac facultatibus, IX (Kühn ed., 
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also occurred in various other places such as Egypt and the Balearic 
Islands. It has been suggested from time to time by various schol- 
ars that the miltos of Sinope was not red ochre at all, but the 
rarer and more costly red pigment, cinnabar. This opinion is 
maintained, for example, by Leaf,"* mainly because it would 
have been so expensive to transport such a common product as 
red ochre through the difficult country lying between Cappadocia 
and Sinope that it could not have been sold at a profit 1n Greece, 
where it would have had to compete with the red ochre found 
abundantly in much nearer localities such as Ceos and Lemnos. 
Though some of his other arguments are also ingenious, it is not 
at all likely that his identification is correct. A very serious objec- 
tion 1s that cinnabar does not occur within the confines of ancient 
Cappadocia, though various iron minerals such as brown iron 
ore and the ochres are found in many places." Moreover, cin- 
nabar is not found in the localities listed by Pliny as sources of 
sinopis, but red ochre occurs in these places. The argument that 
red ochre imported from Sinope would have been too costly to 
compete with the product from neighboring places is easily re- 
futed. In the first place, natural red ochres differ greatly in quality 
and in suitability for use as paint pigments, so that an imported 
ochre of high quality could easily have been sold at a considerably 
higher price than ordinary red ochre. Even today, natural red 
ochres which have a particularly desirable hue, brilliancy of tone, 
or tinting strength are brought great distances to be marketed 
in direct competition with domestic ochres selling at a much 
lower price. Thus, for example, the red ochre found at Ormuz on 
the Persian Gulf is exported in large quantities to England, the 
United States, and other distant countries. Moreover, the Sinopic 
red ochre may have been a pigment of very high iron oxide con- 
tent, so that much less was needed when it was diluted with 
white pigments to produce light-red or pink colors, and thus it 
may have been cheaper for this purpose than ordinary ochres 
selling for a third or a fourth as much. The remark of Dioscori- 
des*” that Sinopic miltos was liver-colored definitely suggests that 
896 W. Leaf, Journal of Hellenic Studies, XXXVI (1916), 10-15. 
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it was just such an earthy hematite. Most of the scholars who 
would identify Sinopic miltos or sinopis with cinnabar either 
ignore the descriptions of these minerals left to us by ancient writ- 
ers or misinterpret them. The descriptions of Theophrastus, Vi- 
truvius, Pliny, and Dioscorides indicate clearly enough that the 
pigment exported from Sinope was not cinnabar. 


53. Itis dug up by itself in.... 

It is difficult to translate év 7@ puxp@ (“in the small ... "), for 
it seems to require some noun like "district" or “mine.” It is un- 
likely that it can mean “in small quantities." Theophrastus uses 
Karà puxpa in this sense in section 2r, and the phrase is also 
used by Aristotle, but êv rà puxp@ is not listed by Bonitz in his 
Index to Aristotle's works. Perhaps it was originally the name of 
a place; thus Hill has changed the text to év 7 Ańuvæ (“in Lem- 
nos"). Furlanus had already suggested this emendation; he did 
not put it in his text, but he wrote in Lemno in his Latin trans- 
lation. Wimmer, who gave in parvo (Lemno?) as his translation, 
seemed to think that this interpretation might be right. Schneider 
believed that it would be easy to accept the opinion of Furlanus, 
but he decided to keep the manuscript reading. Theophrastus has 
just mentioned Lemnian red ochre, so it is quite possible that he 
is referring to Lemnos here; but since the correctness of the emen- 
dation is not certain, the text has not been changed. 


53. one light-colored. 
The literal meaning of ékAevkos is simply “off the white,” but its 
significance in this passage seems clear enough. Apparently Pliny? 
interpreted its meaning in the same way, for he seems to be quot- 
ing from Theophrastus at this point when he writes that there 
were three kinds of red ochre, "the red, the pale red, and one 


halfway between them." 


53. We call this a self-sufficient kind because it does not 
have to be mixed, whereas the others do. 
According to this passage the Greek artists intentionally altered 


the color of natural red ochres when these were not of the proper 
shade of red. The results of chemical analyses of ancient Greek 


$99 XXXV, 31. The text reads: rubra et minus rubens atque inter has media. 
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red ochre pigments appear to indicate that this was their practice. 
Most of the light-red or pink pigments examined by Midgley*%° 
contained considerable proportions of calcium carbonate, proba- 
bly present as an intentional addition, and one such pigment con- 
tained both calcium carbonate and calcium sulfate, which is 
almost certainly a sign of deliberate admixture. Apparently the art- 
ists lightened the color of dark-red ochres by mixing them with 
chalk or other white pigments. Theophrastus also seems to imply 
that the inferior light-red ochres containing too little ferric oxide 
were sometimes mixed with ochres containing a higher propor- 
tion of ferric oxide in order to produce pigments of the desired 
depth of color. Attempts to confirm this by chemical analysis have 
not been successful, as such mixed ochres apparently cannot be 
distinguished in this way from natural ochres. 


53. It is also made by burning yellow ochre, but this is 
an inferior kind. 
It is not necessarily true that red ochre artificially produced by 
roasting yellow ochre is inferior to natural red ochre, but since 
most yellow ochres contain a considerable proportion of sand and 
clay, the final product usually has a lower proportion of ferric 
oxide and, for this reason, a lower tinting strength when mixed 
with white pigments. Dioscorides" says that the manufactured 
red ochre is inferior to the kind from Sinope, which, as indicated 
in the notes on section 52, was probably a natural red ochre con- 
taining an unusually high proportion of ferric oxide. Vitruvius? 
states, however, that burnt ochre was very useful for stucco work. 


53. Kydtas. 
Probably this is the artist Kydias mentioned by Pliny," who 
refers to his most important painting and says that he flourished 
at the same time as Euphranor, who distinguished himself far 
beyond all other artists in the hundred and fourth Olympiad.*™ 
Therefore Kydias discovery was probably made about half 
a century before Theophrastus described it. It is uncertain, and 
perhaps doubtful, whether Kydias was the first to discover how 

400 “Chemical Analysis of Ancient Athenian Pigments,” pp. 18-21. 
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to change yellow ochre into red ochre by roasting it, though no 
definite evidence exists for any earlier discoverer. Undoubtedly 
the effect of heat on yellow ochre must have been noticed in 
earlier times, but it is not at all improbable that the artist Kydias 
was actually the first who used the process deliberately to make a 
red pigment. 


24. New earthen vessels are covered with clay and 
placed in ovens; for when the vessels become red-hot, they 
heat the ochre, and as they become hotter in the fire, they 
make the color darker and more like glowing charcoal. 
It is not clear from the text whether open or closed pots were 
used. However, it is unlikely that closed pots were used for roast- 
ing yellow ochre since some vent must be provided for the steam 
that is produced when the ochre is heated. Probably the clay was 
applied to the exterior of the pots to protect them to some extent 
from the intense heat of the fire; this procedure would minimize 
breakage and the consequent loss or contamination of the product. 
Since new pots were used, it is probable that the vessels often 
cracked or broke on heating and so could not safely be used again. 

The conversion of yellow ochre into an artificial red ochre by 
roasting is essentially a process of dehydration: the water in the 
hydrated ferric oxide of the yellow ochre is expelled to form an- 
hydrous ferric oxide of a characteristic red color. Though later an- 
cient writers on technical subjects also allude to this process, they 
add very little to what Theophrastus says about the procedure em- 
ployed by the ancient technicians. Pliny* merely repeats the ac- 
count given by Theophrastus, and Dioscorides" only mentions 
the process. Vitruvius"" does, however, describe very briefly a 
somewhat different process. He states that burnt ochre was made 
by heating a clod of good yellow ochre to a glow on a fire and 
then quenching it in vinegar. This is actually a more primitive 
process than the one described by Theophrastus much earlier. 

Since many technical works composed through the centuries 
contain accounts of very similar processes for preparing artificial 
red ochre, it seems that the procedure here described by Theo- 
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phrastus was practiced, in principle at least, more or less con- 
tinuously from ancient times until a comparatively recent date. 
Indeed, the manufacture of an artificial red iron oxide pigment 
by roasting yellow ochre appears to have been the usual method 
for making such a pigment in European countries until it was first 
made on a large scale from the waste products of the iron and 
steel industry. Even at the present time, certain natural earths are 
roasted in preparing them for use as paint pigments. 


55. There are three kinds of kyanos, the Egyptian, the 
Scythian, and the Cyprian. 
It was explained in the notes on section 31 that kvavos was a 
general term denoting both a particular blue precious stone and 
various blue pigments. In the present section the word obviously 
refers only to pigments. Actually, as is shown by the results of 
archaeological excavation, only three stable blue pigments were 
known at the time of Theophrastus: two of these, azurite and lapis 
lazuli, were natural; and the third, blue frit, was artificial. The 
Cyprian kyanos was in all probability the native kyanos mentioned 
in section 39, and the same as the kyanos of the copper mines 
mentioned in section 52. If so, it must have been azurite, native 
blue copper carbonate, which is found in most copper mines and 
in the mineralized areas in their neighborhood. Dioscorides" 
states that kyanos was obtained from the copper mines of Cyprus 
and also from the sand that is found there in certain hollow places 
on the sea coast. The Cyprian blue pigment could not have been 
lapis lazuli, since this does not occur on Cyprus. Azurite for use 
as a pigment was also obtained from less important copper-mining 
regions, as is shown by the statements of other writers. For exam- 
ple, the author of De Mirabilibus Auscultationibus mentions*” 
a mine of kyanos on Demonesos, the island of the Chalcedonians. 
This island was probably the modern Khalki, one of the Prince 
Islands in the Sea of Marmora, where there are copper minerals 
and traces of ancient mining operations. The Egyptian kyanos 
was undoubtedly the well-known Egyptian blue frit. By elimina- 
tion, therefore, the Scythian kyanos may be identified as powdered 
lapis lazuli. This identification receives support from the very 
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name given to it, since lapis lazuli does not occur in any of the 
countries immediately around the Mediterranean but only in 
countries far to the east. The principal ancient source was ap- 
parently in what is now called Badakshan.*^ Whether the deposits 
of lapis lazuli in Badakshan were within the vaguely defined lim- 
its of ancient Scythia is doubtful. The name “Scythian” probably 
became attached to this particular blue pigment because it was 
exported to Mediterranean countries by Scythian traders, who 
had received it from still more distant peoples. 


55. The Egyptian is the best for making pure pig- 
ments, the Scythian for those that are more dilute. 
In its usual form Egyptian blue frit has a more intense blue 
color than powdered lapis lazuli. The difference is not so marked 
when the size of the particles of the two pigments is about equal, 
but blue frit apparently was always prepared and used in the form 
of relatively coarse particles, as the examination of ancient speci- 
mens has shown. The color that actually results on grinding it to 
a verv fine powder is a dull bluish-grey, as was determined by 
an experiment on a specimen of the material found in the excava- 
tions at Athens. All other ancient pigments were available and 
useful only in the form of fine powders, and, because of the great 
difference in the size of its particles, blue frit could not properly 
be mixed with other pigments. Any attempt to dilute it with a 
white pigment such as powdered chalk, in order to apply it as a 
tempera paint, would have been unsuccessful, for the coarse par- 
ticles of the frit would settle and only the chalk would remain 
suspended in the paint. 


55. The Egyptian variety 1s manufactured. 
Since there is no natural product that has the composition of 
Egyptian blue frit, it is certain that the Egyptian kyanos was al- 
ways artificially prepared. 

Although the composition of this pigment was investigated by 
chemists as early as the second decade of the last century, it was 
not until 1889 that its true nature was made known. In that year 
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Fouqué*' showed that the azure-blue color of the pigment was 
due to the presence of a single crystalline compound, a calcium 
copper silicate having the composition represented by the formula 
CaCuS1,0,,. Fouqué was able to reproduce this pigment, but it was 
not until 1914 that the exact conditions necessary for its forma- 
tion were determined by the detailed experiments of Laurie, 
McLintock, and Miles.** An account of its manufacture given by 


Vitruvius" indicates the general procedure that the ancients fol- 


lowed in making it. 

Though blue frit undoubtedly originated in Egypt and was 
much used there, its use was actually very widespread, for many 
examples of the pigment have been found in nearly all the prin- 
cipal centers of ancient civilization bordering on the Mediter- 
ranean. Its use in Greece at the time of Theophrastus is certain; 
in the excavations at Athens specimens have been found both 
of the pigment itself and of objects colored with it ranging in date 
from the sixth or fifth century s.c. down into the Roman pe- 
riod."* It seems unlikely, however, as is implied by the statements 
of Theophrastus, that this pigment was manufactured outside 
Egypt until a comparatively late date. Vitruvius*? states that the 
methods of making it were first discovered at Alexandria. This 
must be incorrect, since Alexandria was founded many centuries 
after blue frit was first known. He adds that Vestorius afterwards 
began to manufacture it at Puteoli, and it may well be that this 
was the place where it was first manufactured outside Egypt. 


55. those who write the history of the kings of Egypt 
state which king it was who first made fused kyanos in 
imitation of the natural kind; and they add that kyanos 
was sent as tribute from Phoenicia and as gifts from other 
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quarters, and some of it was natural and some had been pro- 
duced by firc. | 


Though it cannot be determined exactly when Egyptian blue frit 
was first discovered, the earliest known specimens belong to the 
Fourth Dynasty, that is, to the period from 2900 to 2750 s.c.*'^ 
Some inscriptions that have recently been discovered support the 
statement about the gifts and tribute of kyanos that were sent to 
Egypt, though they do not say that they came from Phoenicia. 
They say that tribute in the form of both natural and imitation 
lapis lazuli was sent by certain Mesopotamian rulers to Egyptian 
kings. In one of these inscriptions, for example, it is recorded that 
the ruler of Assur sent as tribute to Thothmes III three large lumps 
of genuine lapis lazuli and three pieces of "blue stone of Babel," 
which was apparently an imitation."' Thothmes III flourished 
around 1500 5.c., but the Egyptian rulers mentioned in the other 
inscriptions are later. 


55. Those who grind coloring materials say that kya- 
nos’ itself makes four colors; the first is formed of the fin- 
est particles and 1s very pale, and the second consists of the 
largest ones and is very dark. 

Blue frit pigment must be the kind of kyanos specifically meant 
here. Neither azurite nor lapis lazuli yields pigments that differ 
much in color when they are ground to particles of a different 
size, but, as has already been indicated, blue frit behaves differ- 
ently. Some exact measurements of the relation between the color 
of this pigment and the size of its particles have been made by 
Peterson."? When Theophrastus says that four colors were made 
from this kind of kyanos, he must mean four shades of color, but 
he is making a mere conventional distinction, since the intensity 
of the blue color of the pigment decreases continuously as its 
particles are made smaller. However, it is not unlikely that in 
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practice the pigment was sorted into four grades, either because 
this provided a sufficient variety of shades of blue or because with 
a larger number of shades it would not be easy to distinguish a 
particular shade from the one next to it. Theophrastus is correct 
when he says that the finest pigment was pale and the coarsest 
was very dark. However, in any process of grinding where the 
finest is described as the first, strictly speaking the coarsest should 
be described as the last and not the second, as Theophrastus states. 
This passage is of considerable interest, as Theophrastus is the 
first to observe the relation between the color of a vitreous or 
crystalline material and the size of its particles. 

The emendation Aevkórarov (“very white,” "pale") has been 
accepted in the text instead of Aerrórarov, which appears in the 
manuscripts. Turnebus accepted Aevk«órarov, and was followed by 
some editors, but Schneider and Wimmer preferred to keep the 
more difficult reading. It seems probable that the copyist simply 
made a mistake and wrote Aerzrórarov because he had just writ- 
ten Aezrorárov. Theophrastus is talking about colors, and a word 
meaning “very pale” is clearly needed to correspond with pedav- 
rarov, which means “very dark." Since a literal translation of 
Aerrórarov would be unsuitable, it seems better to accept the 
emendation Aevkórarov in the text. 


56. white lead. 


It has generally been assumed that the word yupvdcorv always 
meant the basic carbonate of lead commonly known as white lead, 
but Bailey*° has recently identified the psimythion of the Greeks 
and the corresponding cerussa of the Romans as normal or basic 
lead acetate. However, if attention is paid to the ancient authors 
who discuss the products derived from lead by the corrosive action 
of vinegar, it seems certain that these terms were general ones 
that included both soluble lead acetate and insoluble lead carbon- 
ate, and that the particular product depended upon the details 
of the procedure. According to the procedure described by Theo- 
phrastus, the product was washed by decantation, which shows 
that it must have been insoluble in water and was therefore the 
carbonate and not the acetate. Bailey and other commentators 
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have been puzzled by the accounts that Theophrastus and later 
authors have given, because no mention is made of the source of 
the carbon dioxide necessary for the formation of basic lead carbon- 
ate. It has been suggested that either the ancient processes were 
always performed near fires or some extraneous fermenting 
material was present, and that the ancient authors simply failed 
to mention these sources of carbon dioxide. What has been gen- 
erally overlooked is that the air itself and the water used in the 
washing operations provided enough carbon dioxide to produce 
basic lead carbonate by the small-scale processes used by the an- 
cients. This was verified by performing in miniature the process 
here described by Theophrastus. Lead blocks were supported just 
above a five per cent acetic acid solution in an open vessel, and 
the white crusts that were formed on the blocks by corrosion were 
scraped off at intervals of about ten days. The product was found 
to be a lead acetate containing only a small proportion of lead 
carbonate; but when it was dissolved in tap water, a turbidity 
due to the formation of basic lead carbonate was observed almost 
immediately, and after the solution had stood for a few hours it 
absorbed enough carbon dioxide from the air to cause the pre- 
cipitation of a considerable amount of carbonate. The statements 
of Theophrastus suggest that, in the process he describes, white 
lead formed in just this way. Either the successive scrapings of the 
white crusts were thrown into a mortar along with a little water 
until all the lead was consumed, and then the total product was 
ground, washed, and separated, or else the individual scrapings, 
as they were collected, were ground with water for a considerable 
time before the product was washed and separated by decan- 
tation. Another source of the carbon dioxide may have been 
the so-called vinegar used in the process. If this was merely a 
spoiled grape juice undergoing both alcoholic and acetous fermen- 
tation, ample carbon dioxide would have been available. That 
this could have been the main source of the carbon dioxide 1s sug- 
gested by the statements in the next section, where Theophrastus 
describes how verdigris is prepared by the use of grape-residues 
and says that the process is similar to the one used for making 
white lead. 


The other ancient writers who describe methods of preparing 
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psimythion and cerussa supply additional details or give variations 
in the general procedure. Vitruvius," in speaking of the manu- 
facture of cerussa at Rhodes, states that a layer of twigs was placed 
in a large jar, vinegar was poured over the twigs, and pieces of 
lead were placed on top of them. He also states that the jars were 
provided with lids to prevent evaporation. Pliny** gives an out- 
line of two processes: one of them is similar to the process de- 
scribed by Theophrastus, the other is similar to the one given by 
Vitruvius. Pliny probably obtained his information from these 
authors. Both Vitruvius and Pliny describe the roasting of white 
lead to produce red lead, which was also a valuable pigment. Since 
Theophrastus does not mention this additional step, it seems likely 
that it was unknown in his day, or at least unknown to him. The 
most extensive description of the lead corrosion process is given 
by Dioscorides.*** 

It is interesting to note that the most satisfactory white lead for 
use as a pigment at the present time is still the kind produced by 
the action of acetic acid vapor on metallic lead in the presence 
of air and carbon dioxide, and much of it is made by the so-called 
Dutch process. In this method, as in the ancient ones, the lead is 
corroded in small pots containing dilute acetic acid; the essential 
difference is that in the modern process the operation is performed 
on a large scale in a closed building, and an abundant supply of 
carbon dioxide is furnished by some fermenting material such as 
spent tanbark. 

Specimens of white lead used by the Greeks have been dis- 
covered by archaeologists and positively identified by chemical 
analysis. The most extensive discoveries were made by Shear** 
during the excavation of the North Cemetery at Corinth, where 
small covered bowls in the graves of women and girls were found 
to contain white lead in the form of pressed cubes, irregular pieces, 
and loose powder. A representative sample from one of these 
bowls was examined chemically by Foster*" and found to be 
lead carbonate. It is interesting that Dioscorides"* mentions 
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Corinth as one of the centers of white lead manufacture. Ancient 
specimens of white lead have been found in Attica and could 
probably be found elsewhere in Greece. Rhousopoulos*” mentions 
a specimen of white lead found in a grave not far from the Na- 
tional Archaeological Museum in Athens which he positively 
identifies as basic lead carbonate. This, in fact, appears to be the 
first identification of a specimen of ancient white lead by chemical 
analysis. At least two other specimens of white lead from graves 
in Attica have been identified chemically.** Since some of these 
specimens of white lead date from as early as the fifth century B.c., 
it is clear that the manufacture of this pigment began long before 
Theophrastus wrote about it. 

The fact that white lead is found exclusively in the graves of 
women and girls and in a particular kind of closed bowl or toilet 
box shows that it was used as a cosmetic. This is amply con- 
firmed by numerous allusions in the writings of classical authors. 
There are only a few artificially prepared chemical compounds 
that were known to the ancients, but this one is mentioned in their 
writings more often than any other. It is apparently first referred 
to by Xenophon ;*" in a conversation with Socrates, Ischomachus 
remarks that, in instructing his wife on her duties, he discourages 
the use of white lead and other cosmetics because they displease 
him and are devices that are easily discovered. Similar allusions 
to the use of white lead as a cosmetic are made by Plautus," 
Ovid,?* and Martial.*** This, in fact, seems to have been the chief 
use of the product in ancient times, even though its poisonous 
nature was recognized, but it must be remarked in justice to the 
ancients that the use of poisonous substances in commercial cos- 
metic preparations is by no means unusual in modern times. 

Pliny** lists white lead among the paint pigments, but he states 
elsewhere*** that it was not suitable for moist fresco work, a state- 
ment which is correct from the chemical point of view, since 
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basic lead carbonate is decomposed on contact with slaked lime, 
and the hydrated lead oxides that are produced darken on ex- 
posure to light. Although Theophrastus apparently places it 
among the paint pigments, white lead appears to have been little 
used for painting in ancient times. Pliny remarks, however, that 
cerussa was suitable for wax painting but not for mural work. 
In his researches on the colors used in painting by the ancients, 
Sir Humphry Davy*" noted the absence of white lead on painted 
walls, and its general absence has been noted in later and more 
extensive investigations. Át the present time it is regarded as one 
of the most important white pigments, and it has had widespread 
use in spite of attempts by various governments from time to time 
to restrict or even prohibit its use on account of its toxic nature. 
Though the ancients did not use it very much as a paint pigment 
in a direct way, they did use white lead, and probably lead acetate 
also, for the production of red lead, which was a substitute for 
the more expensive natural pigments, cinnabar and realgar. 


57. Red copper. 
The word xaAXxós is a general term used to denote both pure 
copper and its alloys, though it usually refers to bronze. Here the 
qualifying adjective "red" indicates that unalloyed copper was 
employed in the process. 


57. grape-residues. 

Evidently the genitive 7pvyós cannot refer to “wine-lees,” which 
is the usual meaning of rpvé, but in this context means the residues 
of the grapes that remain after the must has been pressed out 
of them, or more strictly, perhaps, such residues in a state of 
acetous fermentation. 

Other ancient writers describe processes for the manufacture of 
verdigris. Pliny* gives several methods. In one of these—probably 
the same as the one given here by Theophrastus—copper was 
buried in grape skins and the verdigris was scraped off after ten 
days. In another method perforated pieces of a copper alloy were 
suspended in closed casks over vinegar. In a third method vinegar 
was sprinkled over filings of the metal, and the mixture was stirred 
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several times a day with a spatula until all the copper had re- 
acted. Dioscorides**’ also describes similar processes, including one 
that resembles the method described by Theophrastus. In this 
process plates of copper were buried in sour grape skins for a 
number of days. 

A method of preparing verdigris by means of acetic acid vapor 
acting on a sheet of pure copper is described in detail in the 
Stockholm Papyrus,"" and other accounts appear in medieval 
technical works. 

It is interesting to note that the particular method mentioned 
here by Theophrastus is, in principle at least, still in use today 
and probably has been used more or less continuously throughout 
the intervening centuries, The method of preparing verdigris by 
the action of sour grape skins on copper plates is mentioned by 
early modern writers on chemistry and chemical technology. 
Boerhaave,*** for example, refers to it, and Hill* gives an account 
of the commercial process that was usual in his time. At present, 
the manufacture of verdigris by this method is centered in the 
wine districts of France, particularly at Grenoble and Montpel- 
lier.“** Usually the marc, which is the waste matter consisting of 
the skins and stems of grapes, is first allowed to ferment, either 
in large vessels or in special rooms. After the fermentation has 
proceeded to the proper stage, the pasty mass is spread on thin 
sheets of copper. Next, piles of alternate sheets of copper and lay- 
ers of fermented marc are built up. These are allowed to stand 
from two to five weeks, depending upon the temperature, and 
are then dismantled. If the process has been successful, the copper 
sheets are covered with fine green crystals of copper acetate. The 
sheets are then exposed to the air and moistened from time to time 
with water or damaged wine. As a result of this treatment they 
become coated with a thick layer of basic copper acetate which is 
detached, kneaded with a little water, and pressed into cakes or 

437 V, gr (Wellmann ed., V, 79). 


438 Lagercrantz, Papyrus Graecus Holmiensis, pp. 20, 194. 

439 H. Boerhaave, Elements of Chemistry, trans. T. Dallowe (London, 1735), Vol. 
II, p. 152. 

440 Theophrastus’s History of Stones, p. 134. 

441 TT. E. Thorpe, Dictionary of Applied Chemistry (London, 1921), Vol. I, p. 24; 
F. Ullmann, Enzyklopädie der technischen Chemie (Berlin, 1929), Vol. IV, p. 676. 


° 1902 ° 


COMMENTARY 


put in paper containers for the market. Variations in this large- 
scale process also occur. In some factories, copper turnings are 
mixed with the fermented marc and, after the reaction has taken 
place, the verdigris is separated from the copper that remains. The 
process is also conducted on a small scale by methods which proba- 
bly differ very little from those employed in ancient times. The 
blue verdigris produced by this so-called French process consists 
chiefly of monobasic copper acetate, Cu(C;H;O.) s. Cu(OH).. 
sH.O. 

Theophrastus, like Vitruvius,“ lists verdigris among the pig- 
ments, but Pliny nowhere mentions the use of it in his discussion 
of painting. Although verdigris has never been found in modern 
investigations of ancient pigments, this is no proof that it was not 
used as a pigment. Since basic copper acetate is not a very stable 
compound, any pigment composed of it would probably have 
changed completely in the course of the centuries to some more 
stable copper compound such as the basic carbonate. But the Stock- 
holm Papyrus provides definite evidence of the use of verdigris 
as a coloring material and lists it as an ingredient in many of the 
recipes for the preparation of imitation gems. The statements of 
Pliny'* indicate that the compound was used extensively by the 
ancients in the preparation of various remedies. 


58. There ts also a natural and a prepared kind of cin- 


nabar. 

Theophrastus has: previously shown that the blue pigments and 
the red iron oxide pigments are both natural and artificial. He 
seems to think that there are also two kinds of cinnabar, though 
all the available evidence indicates that this pigment was not pro- 
duced artificially by the ancients. The earliest mention of the 
artificial preparation of cinnabar occurs in certain technical recipe 
books of the Middle Ages.'** The subsequent statements of Theo- 
phrastus in this section show clearly that the real difference be- 
tween the two kinds was in their mode of occurrence: in some 
places cinnabar was found in a pure enough state to be used 
directly, but in others it was mixed with extraneous matter from 
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which it had to be separated. Probably Theophrastus saw little 
or no difference between the mechanical refining process by which 
cinnabar was obtained from the crude material and the chemical 
processes by which the artificial blue or red pigments were 
produced. 

Cinnabar, native mercury sulfide, is first mentioned as a particu- 
lar kind of stone by Aristotle,“ but Theophrastus gives the ear- 
liest account of it in this section and in the two that follow. How- 
ever, it was known and used by the Greeks long before the time 
of Aristotle and Theophrastus. When Rhousopoulos*** was in- 
vestigating the pigments on some of the limestone statues of the 
sixth century B.c. in the Acropolis Museum at Athens, he found 
that a bright red pigment was native mercury sulfide, and that 
one of the dark pigments was the same substance altered by ex- 
posure to light. Rhousopoulos also found cinnabar present as a 
coloring material on lecythoi of the fifth century s.c. Traces of 
it were also found on part of the inside surface and the rim of a 
small black-glaze bowl of the late fifth century s.c. which was 
discovered in the excavations at the Athenian Agora.** This was 
apparently a vessel in which the pigment had been mixed for 
painting. A scallop shell, probably of the third century B.c., which 
was found in the same excavations contained a small amount of 
cinnabar and was evidently used for the same purpose. It is not 
unlikely that cinnabar was used in Asia Minor, and perhaps else- 
where, long before the time of the Greeks. The discovery of a 
very ancient cinnabar mine near Iconium, which contained stone 
hammers in the workings, seems to show the earlier use of cinnabar 
in Asia Minor.^? There is, however, no evidence of its use in 
ancient Egypt or in the early civilizations of Mesopotamia. 

Though cinnabar is of rather frequent occurrence on Greek ob- 
jects after the fifth century s.c., it appears to have been used much 
less frequently than the red iron oxide pigments. Because it was 
scarce, it was probably always more costly than these other red 
pigments and was therefore used more sparingly. 
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58. The cinnabar in Iberia, which is very hard and stony, 
is natural, and so is the kind found in Colchis. 
Pliny,‘ who is quoting from Theophrastus at this point, trans- 
lates the Greek place name ‘I8npiav (Iberia) as Hispania (Spain), 
and those who have commented on this passage in the Natural 
History seem to have assumed generally that Pliny was correct 
in his translation. Hill"? and others after him also translated 
this place name in the same way; apparently they accepted Pliny's 
interpretation and knew of the rich cinnabar deposits in Spain 
that had been exploited as far back as Roman times. Lenz*" seems 
to have assumed without question that Spain is the locality to 
which Theophrastus refers. But it is actually very doubtful 
whether the cinnabar deposits on the Iberian Peninsula were 
known, except perhaps locally, as early as the time of Theo- 
phrastus, and still more doubtful whether the Greeks obtained 
cinnabar from that source. The following statements of Vitruvius 
are important, since they suggest a later time for the discovery, 
or at least the foreign exploitation, of the cinnabar deposits in 
Spain: 

It is said that it was first found in the Cilbian districts belong- 
ing to the Ephesians . . . . However, the workshops which were 
once at the mines of the Ephesians have now been transferred to 
Rome, because this kind of ore was later discovered in certain 
districts of Spain. The lumps of ore are brought from the mines 
there and treated in Rome by public contractors.*?? 


From these statements it seems evident that the deposits in 
Spain were exploited later than those near Ephesos, possibly only 
after the latter could no longer be worked profitably. Since, ac- 
cording to this account of Theophrastus, the deposits near Ephesos 
were being worked at the same time as those in the country he 
calls Iberia, it follows that this Iberia could not have been Spain, 
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as has been generally assumed. Hence Theophrastus probably 
meant the other ancient country known by the name of Iberia, a 
country corresponding to the eastern part of the present Trans- 
caucasian Georgia. Colchis, mentioned here along with Iberia, 
was situated along the eastern shore of the Euxine south of the 
Caucasus, and was therefore a country corresponding to the west- 
ern part of the present Georgia. Since Colchis, which is men- 
tioned in the same context, had a common boundary with this 
eastern Iberia, it is probable that Theophrastus was thinking of 
this Iberia rather than Spain. The cinnabar may well have been 
found in a single district common to both these ancient countries. 

It 15 odd that Theophrastus should describe the cinnabar found 
in Iberia and Colchis as very hard and stony. Cinnabar is not a 
very hard mineral. Though the crystalline and massive varieties 
have a hardness of 2 to 2.5 on the Mohs scale—approximately 
that of rock salt—the earthy varieties are very soft. His statement, 
therefore, does not appear to be based on actual observation, though 
perhaps he 1s merely emphasizing the pronounced difference in 
hardness between the crystalline and the earthy varieties. This 
seems a likely explanation, since the impure kind from near 
Ephesos was probably the earthy variety, whereas the so-called 
natural kind from Iberia and Colchis was probably a pure crystal- 
line or massive variety. 


58. They say that this is found on cliffs and is brought 
down by arrows that are shot at it. 
This story is repeated by Pliny" with only minor changes. Though 
it seems to be fabulous, it may, like many other ancient stories, 
have a real basis. It suggests, at least, that the cinnabar of Colchis 
was mined in rugged country, and this in turn suggests that the 
mining district was situated in the northeastern part of Colchis 
in or near the Caucasus, which is characterized in many places 
by unusually precipitous rock formations. 


58. The prepared kind comes from one place only, a 


little above Ephesos. 
That cinnabar actually occurs not far inland from the site of the 
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great Ionian coastal city of Ephesos has been proved by modern 
geological exploration. The deposit is located about 65 kilometers 
southwest of Smyrna, less than so kilometers directly inland from 
the site of Ephesos."* Here cinnabar is found scattered through 
slate and quartz in a vein r5 to 25 meters wide, but the deposit 
is not considered worth working at the present time. This state- 
ment of Theophrastus agrees with the statements of Vitruvius 
which indicate that the cinnabar mines near Ephesos were finally 
worked out, so that mining was no longer profitable. 

The phrase puxpov év kaAots, which appears in the text, has 
not been translated. Schneider thought that it concealed the name 
of the region mentioned by Vitruvius and Pliny where the 
Ephesians obtained their cinnabar. Pliny's statement is especially 
significant, because in the section of his work in which it appears 
he has apparently taken all his information about cinnabar directly 
from this part of the treatise On Stones. His words are as follows: 
optimum vero supra Ephesum Cilbianis agris, harena cocci colo- 
rem habente" (the best comes from the Cilbian district above 
Ephesus, where the sand has the color of scarlet dye). However, 
it is not at all unlikely that Pliny may have taken his information 
about the agri Cilbiani from the statement of Vitruvius." 

If the phrase pukpóv év kaXots is in its right position in the 
text, it ought to refer to the refining operation and not to the 
place from which the cinnabar came. If it refers to the place, it 
should follow $zép 'Edécov (“above Ephesos”), where the word 
puxpov also occurs. The second pexpóv would then be an incorrect 
repetition of the first, and év xaXots, as Schneider suggested, 
would be a mistake for év aypots KtABtavots. As it stands in the 
text, it 1s impossible to translate it. It was rightly bracketed by 
Schneider, and Wimmer thought it might be a repetition of év 
xaAkots (“in copper vessels"), which comes immediately before 
it in the text. 


58. The washing is done from the top, and separate 
portions are wetted one after the other; what is left at the 
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bottom ts cinnabar, and the washings are what remains 
above in larger quantities. 


The Greek phrase &v mpòs êv åħeidovres is somewhat obscure; 
the verb would normally mean “anointing,” and here it seems 
to mean "wetting." But it is clear that the process involved suc- 
cessive washings and that it was a method of separating pure 
cinnabar from its impurities that depended upon the difference in 
their specific gravities. The specific gravity of pure cinnabar is 
slightly over eight, whereas the specific gravity of the gangue 
in which it is usually found is less than three. Therefore, when 
the crude mineral that had been ground was suspended in water, 
the cinnabar settled more rapidly than the impurities, which by 
skillful manipulation could be poured off with the water. The 
mineral had to be ground thoroughly before it was washed; this 
released the cinnabar enmeshed in the gangue and reduced all 
the material to particles of approximately the same size, so that 
sharp separation would occur on washing. 

As the earliest account of the process of separating a pure min- 
eral from its associated impurities, this description of the method 
used at the cinnabar mines near Ephesos 1s of considerable his- 
torical interest. 


59. They say that Kallias, an Athenian from the silver 
mines, discovered and demonstrated the method of prepa- 


ration. 

Pliny," who is quoting Theophrastus at this point, makes it ap- 
pear that Kallias’ discovery was made at the silver mines in At- 
tica, and apparently because of this incorrect quotation some 
have assumed that the process of separating pure cinnabar from 
the crude ore was discovered at the Laurion silver mines, or that 
it was discovered there and then used for the treatment of local 
ore. But neither the wording of this passage in Theophrastus nor 
the geological facts warrant either of these assumptions. Cinnabar 
does not occur now in the Laurion mining district, nor is there 
any evidence that it ever did occur there. Moreover, Theophrastus 
is obviously still speaking of the refining process used at the cin- 
nabar mines near Ephesos. It is far more likely that Kallias, as 
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an expert on the treatment of ores at the silver mines at Laurion, 
went to the cinnabar mines near Ephesos to devise a process of 
treating the ore. It is obvious that lead-silver ores were concen- 
trated at Laurion by a skillful process of washing; the remains 
of ancient washing tables and other apparatus can still be seen 
there. Furthermore, the archaeological evidence shows that the 
refining operations at Laurion were conducted on a larger and 
more elaborate scale than those at any other Greek mining site. 
It is therefore to be expected that mine operators at other places, 
faced with the necessity of treating unusual ores by washing, 
might have called upon an experienced man from Laurion to 
devise a suitable process. 

Kirchner*" and Jaeger*" both suggest that the Kallias men- 
tioned here was the son of Hipponicos, one of the wealthy Atheni- 
an operators of the silver mines at Laurion. The date is suitable, 
and there is also the evidence of Xenophon.'" But Kallias was a 
common Greek name, and the evidence as a whole is so scanty 
that there can be no certainty about this identification. 


59. for thinking that the sand contained gold because 
it shone brightly, he collected it and worked on it. But 
when he saw that it did not contain any gold, he admired 
the beauty of the sand because of its color and so discov- 


ered this method of preparation. 

This sounds very much like the usual ancient story invented after 
some important event in order to explain it. Though crystalline 
cinnabar glistens in the light, the more common earthy varieties 
of this mineral do not, and there is nothing about the luster of 
crystalline cinnabar or the color of any variety of this mineral 
that would lead anyone to suspect that it might contain gold. 
However, cinnabar is sometimes associated with pyrite, the so- 
called fool’s gold; and if the “sand” or cinnabar ore investigated 
by Kallias did contain some pyrite, he might easily have been 
misled by its luster and color. If he found pyrite in the ore, he 
might have paid little attention to the striking color of the cinnabar 
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until his attempt to obtain gold had ended in failure. Thus it is 
possible that the story may have some truth in it. 

Pliny^" relates a somewhat analogous story about an attempt 
to obtain gold from orpiment, the golden-yellow, native sulfide 
of arsenic. This is said to have been ordered by the Emperor 
Caligula. According to Pliny, a small quantity of gold was actu- 
ally obtained in this experiment, but the amount was so small 
that the attempt was considered a failure. Probably many experi- 
ments of this sort were tried by the ancients. 


59. This did not happen long ago, but about ninety 
years before Praxiboulos was archon at Athens. 
This interpretation agrees with that of Pliny, who paraphrases 
the passage as follows: Theophrastus LXXXX annis ante Praxi- 
bulum Atheniensium. magistratum—quod tempus exit in urbis 
nostrae CCCXLVIIII annum—tradit inventum minium a Callia 
Atheniense ... . (Theophrastus states that ninety years before 
Praxibulus was archon of the Athenians—a date that corresponds 
to the 349th year of our City—cinnabar was discovered by Callias 
the Athenian... .) Thorndike*® explained the passage in quite 
a different way, for he believed that the preposition eis in Theo- 
phrastus meant “back to” rather than “prior to,” and therefore 
he placed the time of the discovery in the archonship of Praxibou- 
los. In his opinion this was also the interpretation of Hill, though 
Hill’s translation of the passage is actually so ambiguous that it 
may be taken either way. It reads as follows, “And this is no old 
thing, the invention being only of about ninety years date; Praxi- 
bulus being at this time in the Government of Athens."** Since 
Praxiboulos is known to have been archon in 315-314 B.c., the in- 
terpretation of Thorndike implies that this treatise was composed 
in 225-224 B.C., sixty years after the death of Theophrastus. Thorn- 
dike therefore suggested that the treatise was written by someone 
else and ascribed to Theophrastus. However, the text does not 
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support Thorndike's views. Examples of a similar use of the 
preposition eis in both Thucydides*® and Theophrastus" show 
that the present interpretation is correct. The passage in the Hzs- 
tory of Plants is especially important because of the similarity in 
construction and lack of ambiguity. It reads as follows: parè & ot 
Kvpnvatot havva ró cidduov éreat mpórepov 1) avro THY TOhW 
@Kknoay érrá: oixovar 96 padvora epi rpuakóaa, eis Xuioviov 
dpxovra “AOnvpow. (The people of Cyrene say that silphium— 
laserwort—first appeared seven years before they founded their 
city; now they have been living there about three hundred years 
prior to the archonship of Simonides at Athens.) Since Simonides 
was archon in 311-310 B.c., the meaning ascribed to eis by Thorn- 
dike is impossible here. Theophrastus apparently used the date 
of the archonship of Praxiboulos, 315-314 B.c. as a reference 
point, because he was writing in that year; and if this is so, the 
discovery of Kallias was made about 405-404 »B.c., which would 
have been ninety years before. 

Jaeger“ has recently advanced a theory that the treatise On 
Stones was not composed in the year 315-314 B.c., as seems to be 
indicated in this section, but twenty years or so later. In section 28 
Theophrastus mentions a certain Diokles, whom Jaeger identifies 
as Diokles of Karystos, a noted Athenian physician who flourished 
in the fourth century s.c. In this Jaeger agrees with previous views, 
but he also thinks that Diokles was still alive in the opening years 
of the third century, since there appears to be evidence that 
Diokles wrote a letter to Antigonus, King of Macedon, some- 
time between the years 305 and 301 B.c., and wrote a medical 
work shortly after 300 s.c. Moreover, Jaeger believes that by 
the use of the imperfect (AcoxAjs éAeyev) in section 28, Theo- 
phrastus shows that Diokles was no longer alive. But he also 
implies that Diokles was his contemporary and that he had heard 
him speak. Thus it seems to follow that Theophrastus composed 
his treatise On Stones sometime between the opening years of 
the third century and the time of his death about 287 s.c. Though 
this theory rests to some extent on conjecture, it does supply a 
possible explanation of the peculiar method of dating used in this 
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section of the treatise On Stones. Jaeger’s explanation is that 
Theophrastus obtained his information from another author who 
wrote during the archonship of Praxiboulos and stated that the 
discovery had been made about ninety years before; then Theo- 
phrastus, as an easy and convenient way of dating the discovery, 
added the statement about the archonship without changing the 
wording of the passage from which he took his information. He 
could easily have taken it from the report of an assistant, as he 
appears to have followed this practice freely in composing his 
History of Plants. The use of the verb dac (“they say") at the 
beginning of this section definitely supports this explanation, as 
it shows that he is depending upon the authority of someone else 
for his information. 

Whatever may be the true explanation of this method of dating 
by the vear of the archon, it has the merit of fixing both the 
time of Kallias’ discovery and the time at which a record was 
made of it by Theophrastus himself or by some contemporary 
upon whom he depended for his information. It really matters 
little whether 315-314 B.c. or the slightly later date suggested by 
Jaeger is accepted as the date of the composition of the treatise, 
since both fall within the known lifetime of Theophrastus and 
both are of equal value as an indication that he was the actual 
author. 


60. paints. 
The word Ares, which occurs in the manuscripts and the text 
of Aldus, cannot be translated. Four of the editors, including 
Hill, read àAvzets; apparently they are referring to the kind of 
earth that is not greasy and is suitable for painting (sec. 62). Since 
a word meaning "paints" seems to be needed, one possibility 
is ddudds, a late spelling of àXoióás, the noun derived from 
ddeifw (“to anoint or paint"). The word occurs in the singular 
(¿ÀM dp) in an inscription of the third century s.c., which coin- 
cides with part of the lifetime of Theophrastus. This inscription, 
which refers to the materials for the erection of a temple at Eleu- 
sis, reads as follows: kai KOANav @poPdiov Kal Tada àv äv déy 
mpós THY épy(aoíav kai THY ép)ejw Kal THY ahidny TOV EdKwv 
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kat THY Sopwow ....'* (and raw ox-glue and other things 
necessary for the work, for the roofing, the painting of the wood, 
and the plastering . . . .) 


60. and others for both purposes equally, such as quick- 
silver; for this has its use too. 
Since cinnabar and mercury often occur together, it is likely that 
mercury was known as early as cinnabar; and, as archaeological 
discoveries have shown, cinnabar was undoubtedly known in 
Greece by the sixth century s.c. and in Asia Minor probably much 
earlier." That cinnabar and mercury occurred together in at least 
some ancient deposits is clear from a statement of Vitruvius,*” 
who says that in the mining of cinnabar this mineral shed tears 
of quicksilver under the blows of the tools and that these tears 
were at once gathered by the diggers. Free mercury actually oc- 
curs in the cinnabar deposits that still exist in the district near 
Ephesos, where the ancient deposits were found.*" However, there 
is no archaeological or literary evidence that the Greeks knew 
about mercury as early as the sixth century. It is first mentioned 
by writers of the fourth century s.c., and the earliest allusion to it 
seems to have been made by the comic dramatist Philippos; accord- 
ing to Aristotle“? he explained the movements of a wooden statue 
of Aphrodite by saying that the sculptor Daedalos poured quick- 
silver into it. Theophrastus is the first to describe the preparation 
of mercury from cinnabar and the first to mention that mercury 
had some practical use. 

Vitruvius, who wrote in the first century B.c., is the earliest 
ancient author to give detailed information about the practical 
uses of mercury in antiquity. This is what he says: 


Moreover, it is convenient to use it for many purposes. In fact, 
neither silver nor copper can be gilded properly without it. And 
when gold has been woven into a garment, and the garment be- 
comes worn with age so that it 1s no longer respectable to use, 
the pieces of cloth are put into earthenware pots and burned up 
over a fire. The ashes are then thrown into water and quicksilver 
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added to them. This attracts all the little pieces of gold and makes 
them combine with itself. When the water has been poured off, 
the residue is emptied into a cloth and then squeezed in the hands; 
the quicksilver, because it is a liquid, escapes through the loose 
texture of the cloth; the gold, brought together by the squeezing, 
is found inside in a pure state.*” 


Pliny** also describes the practical uses of quicksilver, but he 
adds little to what Vitruvius says. The Leyden Papyrus X con- 
tains recipes for gilding with the aid of mercury, for preparing 
gold amalgams for lettering in gold, for “silvering” copper ob- 
jects with mercury, and for making various simple and complex 
amalgams of base metals in imitation of silver. 


60. I: is made when cinnabar mixed with vinegar is 


ground in a copper vessel with a pestle made of copper. 

A lacuna in the manuscripts and Aldus shows that a word is 
missing before rpuf05. This must be kwváfapi, which can be 
supplied from Pliny," who seems to be quoting from Theo- 
phrastus. The chemical facts also require it. 

This was no mere mechanical method for the liberation of the 
metal from a natural mixture of mercury and cinnabar, but it was 
a true chemical process that depended upon the displacement of 
the mercury from the cinnabar by the more active metal placed 
in contact with it. Lenz*’* doubted that cinnabar would be de- 
composed by the process here described by Theophrastus, and 
Blümner*" apparently accepts this opinion, but Bailey*" has 
demonstrated by an experiment that cinnabar can be decomposed 
when it is subjected to this treatment. This experiment was per- 
formed by grinding cinnabar with copper turnings and vinegar. 
Though the reaction was found to proceed very slowly when the 
mixture was cold, it took place readily enough when it was 
warmed, and the products were copper sulfide and mercury. 
However, the liberated mercury soon united with some of the 
unchanged copper to form an amalgam of copper and mercury. 

473 VII, 8, 4. 474 XXXIII, 99, 125. 475 XXXIII, 123. 
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In order that pure mercury may be obtained by this method, an 
additional operation is evidently needed: namely, the heating of 
the amalgam and the condensation of the pure mercury volatilized 
by the heat. Thus the process described by Theophrastus pro- 
duced an amalgam and not pure mercury. Possibly such impure 
mercury was all that was produced and used at the time of Theo- 
phrastus, though it seems more likely that the amalgam was dis- 
tilled in order to obtain the pure metal. The separation of mercury 
by distillation was certainly known a little later in ancient times, 
since both Dioscorides*” and Pliny*? describe its isolation by this 
method. Since Theophrastus does not mention that the mixture 
ought to be heated and a simple distillation performed, it is proba- 
ble that he did not know all the details of the process used in his 
day. 

This passage is not only the first account of the isolation of 
mercury from cinnabar but also the earliest description of any 
method of isolating a metal from one of its compounds. 


60. And perhaps several other things of this kind could 
be discovered. 
This statement seems to imply that Theophrastus was in favor of 
experiment, though perhaps it only shows that he thought that 
such technical processes were discovered by chance. It certainly 
does not show that he appreciated the importance of systematic 
experiment. 


61. Among the substances obtained by mining there 
still remain those that are found in earth-pits. 

This section serves as an introduction to the remainder of the 
treatise, which deals principally with the earthy minerals or with 
products derived from them. 

The fundamental meaning of eod avs is "looking like earth.” 
This suggests that Theophrastus may have been referring to sub- 
stances “that have the appearance of earths.” However, Liddell 
and Scott’s lexicon states that in this particular passage the word 
means “a spot where a kind of ochre was dug.” It seems clear 
that this definition has been taken from the translation given by 


479 V, 110 (Wellmann ed., V, 95). 480 XXXIII, 123. 
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Hill, who speaks of “remarkable earths dug out of pits.” Though 
the original meaning is attractive, the use of the preposition êv 
does seem to suggest a place, and for this reason the translation 
"earth-pits" has been adopted.** 


61. And all sorts of colors are obtained from them 


owing to the differences of the matter they contain .... 
The phrase immediately preceding this corrupt passage refers to 
substances caused by "some conflux and separation of matter 
which is purer and more uniform than that of the other kinds"; 
it is a recapitulation of what was said before, especially in section 
2. This passage appears to be a similar recapitulation of what was 
said at the beginning of section 5o. Though it 1s impossible to 
emend this passage with any certainty, what Theophrastus says 
in section 50 about the differences in savors may supply a hint. 
Turnebus changed oivrov to movovvrwy, and four of the editors, 
including Hill, followed him. He also inserted xai after vmoxet- 
pévov. Schneider suggested kai dunfovvrwr, referring to matter 
"filtering through" or "percolating." 


61. some of them are softened and others are ground 
and melted, and in this way the stones that are brought 


from Asia are constructed. 
That ueAdrrovres (“softening”) really means fusing or sintering 
in this context, and that rýkovres (“melting”) means dissolving 
or leaching, seems more than likely from the use made of these 
words by Aristotle and Theophrastus." * Though the word order 
suggests that the material was ground after it was dissolved or 
leached, it is highly probable that the grinding was done first. 
If so, Theophrastus is merely reversing the natural order of words, 
following the construction known in Greek as "hysteron pro- 
teron,” just as he did in section 58 (mÀúvouo, kai rpífovow). 
Actually paddrrovres is Schneider's emendation for pehavrav- 
res, which appears in the manuscripts and makes no sense. But 
the emendation seems to be correct, especially as a contrast 1s again 
481 The Etymologicum Magnum includes the noun yewdavetov, which it describes as 


a place where there is a mine of earth (xwploy éoriv év @ îs elvat uéraXXor). 
482 Cf. the notes on sec. 48. 
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made between the verbs rýkw and uaXárro, which were used in 
section 48. 

Celsus,‘ Dioscorides,"* and Galen," when they discuss the 
sources and properties of certain mineral drugs, mention an Asian 
or Assian stone, which apparently came from the town of Assus 
in the Troad. They also speak of the "flower" of this stone, which 
appears to have been a natural efflorescence that formed on it. 
Though Theophrastus says that the "stones" were brought from 
Asia, it 1s not at all likely that they were the same as this stone 
of Assus, for this appears to have been a natural product and the 
so-called "stones" were evidently artificial. But it is difficult to 
determine what kind of artificial product they were. Since they 
were made by heating, grinding, and leaching earthy minerals, 
it is most likely that they were crystals of salts, such as alum, 
copperas, and blue vitriol, prepared from the impure natural 
sulfates. Dioscorides,"^ Pliny," and Galen'" clearly show that 
such crystallized salts were made in ancient times. Galen actually 
visited a factory on the island of Cyprus where he saw one of these 
salts being produced; this was probably hydrated copper sulfate 
contaminated with iron sulfate. He describes how the green solu- 
tion containing the dissolved salt was drained into a warm cave 
where the salt was allowed to crystallize. 

Though the Asian or Assian stone and these "stones" from 
Asia were in all probability not the same, there may have been 
a relationship between them. Descriptions of the "flower" of this 
stone given by Dioscorides"" and by Pliny*" suggest that this 
product was the sort of saline efflorescence that occurs on such 
sulfide minerals as marcasite or pyrite when they become weath- 
ered. In other words, the so-called “flower” of Asian or Assian 
stone may have consisted of natural earthy sulfates, whereas the 
"stones" mentioned by Theophrastus in this passage may have 
been such sulfates in the form of purified crystals. 

183 TV, 31 (Daremberg ed.). 484 V, 141 (Wellmann ed., V, 124). 

485 De simplicium medicamentorum temperamentis ac facultatibus, IX (Kühn ed., 
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62. The natural kinds of earth, which are useful as well 
as superior in quality, are three or four in number, the 
Melian, the Kimolian, the Samian, and a fourth in addition 
to these, the Tymphaic or gypsos. 

Melian earth, which was found in Melos, an island in the Cycla- 
des, is mentioned by several other ancient writers. Most of them 
say or imply that it was white, but Dioscorides*” states that it 
was ash-colored like the Eretrian earth. This suggests that it 
probably occurred both in a white and a greyish form. For use as 
a paint pigment it is probable that only the white form was suit- 
able. Later in this section Theophrastus compares it with Samian 
earth and gives the impression that it felt rough when it was 
touched. Dioscorides specifically says that it was rough, and that 
when it was rubbed between the fingers it made a sound, just as 
pumice does when it is rubbed. Various conjectures have been 
made about its identity. Hill*? described it as a fine white marl, 
though he gave no reason for this. Lenz? thought that Theo- 
phrastus was describing a clay, or a chalky clay, and various writ- 
ers have identified Melian earth as a white clay, though they do 
not seem to have had any actual knowledge of the kinds of earthy 
minerals that occur on the island of Melos. However, Stephani- 
des** did know that deposits of kaolin occur on Melos, and he 
also identified Melian earth as a pure white clay or kaolin. But 
there is an objection to this identification, since the statements of 
both Theophrastus and Dioscorides plainly show that this earth 
was not unctuous like clay, but harsh or rough to the touch. 
Though some impure clays feel rough because of the presence of 
sand, it seems more likely that Melian earth was not a clay at all 
but some other substance such as a siliceous earth. What makes 
this very probable is the actual occurrence of a white siliceous 
earth on Melos, where several large deposits have recently been 
discovered and exploited. This is a brilliant white earth that oc- 
curs in chalklike masses. It consists of nearly pure silica in a cryp- 
tocrystalline form. Though it is soft and extremely fine after the 
491 V, 179 (Wellmann ed., V, 159). 
492 T heophrastus's History of Stones, p. 142. 
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usual grinding and washing, it has distinct abrasive properties 
and can be used as a polishing powder and as a filler in paints.*”° 
It has appeared on the market under the trade name “Milowite,” 
and the modern exploiters of this siliceous earth seem to regard 
it as a new mineral product, though it is probably the same as 
the Melian earth that was so widely known in ancient times. 

Kimolian earth took its name from the island in the Cyclades 
upon which it was found. Kimolos is a small island very close to 
Melos. Since Theophrastus only names this earth without giving 
any description, it cannot be identified from what he says. How- 
ever, the descriptions of Kimolian earth given by later ancient 
writers such as Dioscorides"" and Pliny" do identify it. Dios- 
corides states that Kimolian earth occurred in two varieties, white 
and reddish (literally, inclining to purple), and that it had a cer- 
tain natural fatness. Pliny mentions its use for cleaning clothes, 
which at once suggests that it had the properties of a fuller's earth. 
The principal clayey material of this kind that occurs on the 
island of Kimolos is a particular variety of sepiolite, a hydrated 
magnesium silicate to which modern mineralogists have given the 
name cimolite. This has been used in modern times for cleaning 
cloth, and it is in all probability the same as the Kimolian earth 
mentioned here by Theophrastus. 

The description given by Theophrastus suggests that Samian 
earth, which takes its name from the island of Samos off the coast 
of Asia Minor, was in all probability kaolin, hydrated aluminum 
silicate, or a clay composed mostly of kaolin. Deposits of kaolin 
and fine clays occur on the island, and in ancient times they were 
extensively used for the manufacture of ceramic ware. In section 
63 there is another indication that Samian earth was kaolin, and 
this is discussed in the notes on that section. The descriptions 
given by authors who lived later than Theophrastus further sup- 
port this identification. For example, Dioscorides"" mentions that 
Samian earth clings strongly to the tongue, a special property 
more or less characteristic of kaolin and of clays that are largely 
composed of it. 

4957, N. Wilson, Chemical Trade Journal, XCVII (1935), 28; Sands, Clays, and 
Minerals, II, No. 3 (1935), 127-30. 
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The fourth kind of earth that Theophrastus mentions is the 
kind that takes its name from Tymphaia, a district in northern 
Epirus; he seems uncertain whether to classify it as another kind 
of native earth or as gypsos. The same uncertainty can be seen in 
section 63, where he says that the people near Mt. Athos use the 
Tymphaic earth for clothes and call it gypsos. On the other hand, 
he states in section 64 that gypsos occurs in Tymphaia, so that he 
probably regarded Tymphaic earth as identical with gypsos. 
Therefore, it would seem that Tymphaic earth was either a nat- 
ural kind of gypsos or a substance that closely resembled one of 
the minerals included under this term. It may have been an earthy 
gypsum or a white chalk. 


62. gypsos. 

Although the English word gypsum is derived from the Greck 
word yos, which has often been translated in this way, the 
descriptions given by Theophrastus in the rest of the treatise show 
clearly that, in his day at least, the Greek word had a much 
broader significance. It is, however, certain from some of these 
descriptions that gypsum, natural hydrated calcium sulfate, was 
included under the name gypsos. On the other hand, it is equally 
certain that the Greek term was also applied to the artificial partly 
dehydrated calcium sulfate now known as plaster of Paris. More- 
over, some of these descriptions show beyond doubt that gypsos 
must have included a very different substance, our present quick- 
lime or calcium oxide. It apparently also included various prepa- 
rations made from these different substances. The evidence for 
the use of the word is discussed in the notes on the remaining 
sections. Theophrastus not only fails to make distinctions be- 
tween the different chemical substances included under the term 
gypsos, but he often confuses one with another. 


62. Painters use only the Melian kind; they do not use 
the Samian, even though it ts beautiful, because it is greasy, 
dense, and smooth. 

Samian earth is not mentioned as a paint pigment by other an- 
cient authors, and it is easy to understand why a material of this 
nature was not used. There are, however, many allusions in the 
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works of these authors to the other uses of Samian earth, though 
Theophrastus says little about them. It appears to have been widely 
used for medicinal purposes, principally as an ingredient of plas- 
ters and salves. 


62. For the kind which is... and . . . , and is not 


greasy 1$ more suitable for painting. 

Since a contrast between the properties of Melian and Samian 
earth is clearly intended, one of these adjectives describing Melian 
earth should suggest lightness or lack of density. Turnebus sub- 
stituted àpaióv for Tjpegov; this means “of loose texture" and is 
the opposite of zvkvós (“compact”). Furlanus and three other 
editors accepted ápauóv but, oddly enough, kept zjpeuov as well. 
This word usually means “quiet”; it is not clear why Liddell 
and Scott’s lexicon gives “smoothness” as the meaning in this pas- 
sage. Perhaps the adverb 7péua was written here, as Turnebus 
seems to imply by his Latin translation leniter aequabile. The 
second adjective might be the opposite of Aecos (“smooth”), for 
smoothness was one of the qualities of Samian earth. Only the end- 
ing (des) of this adjective remains. Turnebus added two syllables 
and read rpaxoes (“rough”), the opposite of smooth. He was 
followed by four other editors, but Schneider and Wimmer did 
not attempt to emend the text. Since it is impossible to know what 
adjective was used, no emendation has been made. 


62. and the Melian kind has this quality .... 
The words 7@ $apíó appear in the Aldine text; the manuscripts 
have the same reading, but the last vowel is elided before the 
first word of the next section. The text scems to be corrupt, as 
the meaning of the word $apíót is unknown. Heinsius, De Laet, 
and Hill print it with a capital letter, as if Pharis were the name 
of a place, and add the preposition év. Thus Hill gives the fol- 
lowing free translation, "all which properties the Melian, particu- 
larly that of Pharis, possesses." However, no evidence exists that 
a town or other locality of this name ever existed on the island 
of Melos. It is significant that neither Schneider nor Wimmer ac- 
cepted this emendation. Since Turnebus uses the words suapte fri- 
abilitate in his Latin translation, Schneider suggests ev rô fadap@ 
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or av TH Wadapdornr. This would mean that the earth is “liable 
to crumble.” Wimmer does not attempt to give the meaning of 
apis: in his Latin translation. Since Theophrastus speaks in the 
next sentence of differences (Stadopat) in Melian and Samian 
earth, it is possible that the words 7@ @apid: conceal the adjective 
Sudhopov, which would agree with the relative S7ep and would 
refer to the distinctive quality of Melian earth. It might be trans- 
lated as “in marked degree.” 


63. The innermost earth is called “the star.” 

The wording of the text suggests that the inner stratum was 
called “the star," but Dioscorides,*” Pliny, and Galen?" all 
show that the name was really given to one kind of Samian earth. 
Since a lacuna precedes this passage, the missing words may have 
explained this more clearly. These later writers name xoddovptov 
or collyrium as another variety of Samian earth, and it is possible 
that Theophrastus also named this other variety in the phrase 
that originally preceded the present passage. Since the so-called 
"star earth" was taken from the innermost part of the vein, pre- 
sumably the other variety came from the outer parts. 

The name collyrium probably signified that the second kind of 
Samian earth was shaped in the form of small loaves or rolls, 
but the meaning of the name given to the first kind is obscure 
If this explanation of collyrium is correct, perhaps the name aster 
was used because this kind was formed into star-shaped cakes. 
It is also possible that it was used because a star-shaped trademark 
was stamped on the cakes. The second explanation seems plausible, 
as another famous earth, the Lemnian medicinal earth, was sold 
in the form of small cakes stamped with a characteristic trade- 
mark.” Hill says that “the white was the Aster, supposed by 
many to be a talc, and so called for its shining," but this ex- 
planation of the name is not very likely to be correct. Bailey says 
that “Dana, no doubt correctly, identifies Samian earth with ka- 
olinite," and he adds that "this sometimes occurs in pearly, hexago- 
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nal plates, often grouped in fan-shaped forms (aster), but more 
often as a clay-like mass, white, grey, or yellow (collyrium). 
Dioscorides° indicates that the variety called aster had a lamellar 
structure, which tends to support the identification suggested by 
Bailey. It is also possible that the name was used in a metaphorical 
sense to denote the best variety of Samian earth, which was taken 
from the middle of the vein. Though some of these explanations 
are plausible enough, it is impossible to determine with certainty 
how this name originated. 


64. This earth is used mainly or solely for clothes. 
Theophrastus is the only ancient writer who mentions that Samian 
earth was used for cleaning or whitening clothes. If this earth was 
kaolin, as seems probable, it could have hidden the dirt on the 
surface but not bleached the cloth or actually removed much dirt. 


64. The Tymphaic earth is also used for clothes and is 

called gypsos by the people who live near Mt. Athos and 
those districts. 
Tymphaic earth, which was discussed in the notes on section 62, 
was probably earthy gypsum or chalk, and this may have had the 
same effect as Samian earth when it was used on clothes; for the 
material would be impregnated with fine particles of white pig- 
ment and so would appear to be clean. 

Mt. Athos, which is also known today as the Holy Mountain 
because of its monasteries, is the most eastern of the three promon- 
tories that form the Chalcidic peninsula in the Northern Aegean. 


64. Gypsos occurs in large quantities in Cyprus and 
can easily be seen; for only a little soil is removed when 
it is dug up. 

Here the term gypsos seems to mean native gypsum. This mineral, 
some of it in the form of alabaster, is abundant in several places 
on the island of Cyprus, and at present both untreated gypsum 
and plaster of Paris are important exports from the island. Some- 
times this term denoted alabaster, as is indicated in the notes on 
section 65. 

504 The Elder Pliny's Chapters on Chemical Subjects, Part II, p. 240. 
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64. In Phoenicia and Syria it is made by burning stones, 
and this also happens in Thourioi. 
Here the material is obviously not a natural mineral substance, 
and the information given by Theophrastus in section 69 identifies 
it with certainty as quicklime. For further comments see the notes 
on section 69. 

Thourioi was a city of Magna Graecia on the Tarentine Gulf in 
southern Italy. 


64. it occurs in Tymphaia and in Perrhaibia. 
It has already been shown that the kind of earth or gypsos that oc- 
curred in Tymphaia, a district in northern Epirus, was probably 
earthy gypsum or chalk. Since Perrhaibia was a neighboring dis- 
trict in northern Thessaly, it is likely that the same mineral oc- 
curred there. 


65. Its nature is peculiar; for it is more like stone than 
earth, and the stone resembles alabastrites. It is not cut out 


in a large mass but in small pieces. 

Alabastrites was the name specifically applied to Egyptian onyx 
marble, as is explained in the notes on section 6; at the present 
time this is sometimes called "oriental alabaster" to distinguish it 
from ordinary alabaster, which is a form of gypsum. Since it 
closely resembles Egyptian onyx marble in appearance, it seems 
probable that the mineral substance which Theophrastus mentions 
here was in fact this particular variety of gypsum. At any rate, the 
allusion is certainly to natural gypsum, not to the dehydrated 
mineral or to any other sort of artificial product. 


65. Its stickiness and heat, when it is wet, are remark- 


able. 

There seems to be an inconsistency here. Since no natural mineral 
substance generates heat to an appreciable extent on being treated 
with water, it looks as if Theophrastus were now describing an 
artificial mineral product. The preceding passage suggests that it 
was partly dehydrated gypsum, but from what follows it seems to 
have been quicklime. Such inconsistencies not only indicate that 
different substances were included under the term gypsos but 
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they also show the confusion that was caused when the ancients 
failed to see that each of these substances had distinctive proper- 
ues of its own. However, the confusion in this treatise may also 
have arisen because Theophrastus had no first-hand information. 


65. it ts used on buildings and is poured around the 


stone or anything else of this kind that one wishes to fasten. 
Here gypsos appears to mean a prepared mortar, and unless this 
statement applies to a very dry country like Egypt, the material 
must be lime mortar and not gypsum mortar, since the latter soon 
disintegrates in wet weather. Though only a few chemical analyses 
have been made of ancient Greek mortars, they indicate that lime 
mortar was the only kind used in Greece at the time of Theo- 
phrastus.*°° 


66. After it has been pulverized and water has been 

poured on it, it is stirred with wooden sticks; for this cannot 
be done by hand because of the heat. 
Though both quicklime and dehydrated gypsum generate heat 
when mixed with water, quicklime generates far more heat. Since 
Theophrastus makes a point of mentioning the heat, it is likely 
that he is referring to mortar made from quicklime and not to 
gypsum mortar. It is curious that Theophrastus says nothing about 
the addition of sand or any other filler, since a satisfactory mortar 
could not have been made without this. Foster’s analyses" show 
that the Greeks added about one part of sand to two parts of lime 
in the preparation of their mortars. Since Theophrastus says noth- 
ing about any filler, it is probable that he had no first-hand knowl- 
edge of the subject. 


66. And it is wetted immediately before it 1s used; for 
if this 1s done a short time before, it quickly hardens and 
it is impossible to divide it. 

This sentence differs sharply in significance from the two that 
precede it, for it indicates that Theophrastus is now speaking of 
gypsum plaster or mortar, which, in contrast to a lime preparation, 


506 Foster, Journal of Chemical Education, XI (1934), 223-24. 
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does harden quickly. This is another sign that Theophrastus con- 
fused the different materials grouped under the term gypsos. 


67. And it can even be removed and calcined and made 
fit for use again and again. 
Since Theophrastus is alluding to the mortar used in constructing 
the walls of buildings, the material which was reburnt and used 
again was almost certainly lime mortar, not gypsum mortar. Both 
this passage and the preceding section show that the term gypsos 
was used to describe hardened mortar and not simply the essential 
ingredient of mortar. 


67. but in Italy tt is also used for treating wine. 

The emendation róv otvov (“wine”) appears in the text of Turne- 
bus. The manuscripts and the Aldine edition have róv oixetov, 
which is hard to translate. Hill followed a suggestion of Salmasius 
and changed this to r7v kovíacuv (“plastering”), but both Schnei- 
der and Wimmer accept tòr otrov. 

The accounts of later writers show that the gypsos used for 
treating wine was either lime or partly dehydrated gypsum. The 
first, either in the form of quicklime or slaked lime, served to 
neutralize the excess of acid in wine that had soured or was nat- 
urally sour; and the second, normally added before fermentation, 
served to clarify and improve the wine. Several Latin authors de- 
scribe the practice of treating wine with lime or with partly de- 
hydrated gypsum. For example, Columella explains in one place" 
how wine is treated with gypsum, and in another place"? how it 
is treated with either gypsum or marble. In several places Pliny 
mentions the practice of treating wine with different calcium com- 
pounds. For example, he remarks that "the people of Africa reduce 
the acidity with gypsum, and in some parts with lime" (Africa 
gypso mitigat asperitatem nec non aliquibus partibus sui calce). 
This shows clearly enough that the ancients used both lime and 
gypsum in the treatment of wine. Greek authors have less to say 
about this practice. Dioscorides" only once mentions the use of 
gypsos in the preparation of wine, though he writes at length 
about the different kinds of wine and the methods of preparing 
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them. However, two significant accounts are contained in the col- 
lection known as the Geoponica. One of these, ascribed to a cer- 
tain Didymus, may be translated in part as follows: “The gypsos 
should be put into a broad vessel, and then the must should be 
poured on it so that it covers the gypsos. It should be shaken con- 
stantly and then left to stand, so that the coarser parts of the 
gypsos may sink to the bottom." In the other account in the 
Geoponica" it is stated that when gypsos is added to wine, it 
makes the wine sharper at first, but in time this sharpness dis- 
appears. Apparently the practice of treating wine with gypsum 
or with lime was very common in antiquity. But Pliny shows 
that the practice was not always looked on with favor when he 
mentions wines treated with marble, gypsum, or lime, and asks 
in a characteristic manner: "Where is the man, however strong 
he may be, who has not stood in dread of them? "* 

Though lime or marble was evidently added to wines in ancient 
times to reduce their acidity, it is very probable that partly de- 
hydrated gypsum was the material ordinarily added to grape juice 
before fermentation. The ancient writers who give full accounts 
of the practice all seem to specify this material. The second ac- 
count in the Geoponica, which states that the sharpness of the 
wine increased after treatment with gypsos, clearly shows that the 
wine was treated with an excess of gypsum and not with lime 
or any other neutralizing agent. In these accounts gypsos always 
seems to mean partly dehydrated gypsum, not any of the other 
substances the ancients included under this name. 

It is known that very early in modern times partly dehydrated 
gypsum, which is now called plaster of Paris, was often used in 
the preparation of wines in various Mediterranean countries. This 
practice is very common today in certain of these countries, where 
it has probably been in continuous use since ancient times. In 
Greece gypsum is frequently added to wine, though this does not 
seem to have been true at the time of Theophrastus. Stephanides*** 
shows the extent of this practice in modern Greece when he re- 
marks that all the gypsum now mined on the island of Melos is 
used in the preparation of wine. 


512 VT, 18. 518 VIT, 12, s. 514 XXIII, 45. 
515 The Mineralogy of Theophrastus, p. 144. 
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The treatment of unfermented wine or must with partly de- 
hydrated gypsum is a practice now commonly called “plastering.” 
In this treatment a reaction occurs between the added calcium 
sulfate and the potassium bitartrate present in solution whereby 
calcium tartrate is precipitated and soluble tartaric acid and potas- 
sium sulfate are formed. The precipitated calcium tartrate then 
carries down various suspended impurities, thus greatly clarifying 
the must. The removal of the potassium bitartrate also makes the 
coloring matter more soluble, so that the color of the wine is im- 
proved. Moreover, the fermentation is rendered more rapid and 
complete, and the wine is said to keep better. In spite of these ob- 
vious advantages, however, the practice is somewhat objectionable, 
because potassium sulfate is left in solution in the wine. In some 
countries the addition of plaster of Paris is regarded as an adul- 
teration of wine: either it is forbidden by law or a restriction is 
placed on the amount of potassium sulfate that may be present 
in the finished wine. 

If the emendation in this passage is sound, as seems very likely, 
this remark of Theophrastus is the earliest known allusion to the 
practice of treating wine with gypsum. 


67. And painters employ it for some parts of their art. 
Though finely ground calcium sulfate is a satisfactory white paint 
pigment, and chemical analyses show that it was sometimes used 
in antiquity for this purpose, at least in Egypt," no ancient author 
seems to include it among the colors used for painting. Hence it 
was probably not used to any great extent as a true paint pigment 
but only in the preparation of a white ground for painting. That 
it was actually so used in ancient Greck times 1s shown by some 
analyses of Rhousopoulos,"* who found that the white ground on 
painted Athenian lecythoi of the fifth century s.c. consisted of 
calcium sulfate. 


67. and so do fullers, who sprinkle it on clothes. 
In section 64 Theophrastus has mentioned the use of Samian earth 
and of Tymphaic earth or gypsos for treating clothes. The primary 


516 Lucas, Ancient Egyptian Materials and Industries, p. 399. 
517 Diergart, Beiträge aus der Geschichte der Chemie dem Gedächtnis von Georg 
W. A. Kahlbaum, p. 181. 


` 218 ° 


COMMENTARY 


purpose of treating garments with such earthy substances was 
probably to whiten the discolored cloth, but it 1s also possible 
that whole cloth was likewise treated with these earths in order 
to "weight" or stiffen it, just as certain kinds of cloth, especially 
silk, are weighted with inorganic substances at the present time. 


67. It seems to be far superior to other earths for taking 
impressions. 
This translation of aropáypara as “impressions” is supported by 
a passage in the Causes of Plants? which contains the phrase 
Ta dmoudypara tav SaxrvAiwy (“the impressions of signets"). 
Though this alludes specifically to impressions of signets or finger 
rings, in the present passage the word appears to have a more 
general significance and probably means impressions or molds in 
general. Obviously, the kind of gypsos used for such a purpose 
could only have been calcined gypsum. 


68. It is also clear from the following example that it 
has a fiery nature; for once a ship loaded with clothes was 
itself burnt when the clothes became wet and caught fire. 
Although this story has obviously been condensed, the meaning 
seems clear enough. The argument seems to be that the clothes 
carried on the ship had been treated with gypsos, a substance 
that generates heat on contact with water; that water somehow had 
come into contact with the gypsos on the clothes, so that heat was 
generated and the clothes set on fire; and that this caused a general 
fire that destroyed the vessel. It is unlikely that this story is true, 
because the sort of gypsos used for cleaning or whitening clothes 
was ordinarily a natural earth that did not generate heat on con- 
tact with water. Even if dehydrated gypsum had been used for 
whitening the clothes, no heat would have been generated on 
contact with water, since the gypsum would probably have been 
completely hydrated while the clothes were being cleaned. More- 
over, even if dehydrated gypsum had been present in the clothes 
or as a separate cargo on board the ship, no fire could have been 
started because it does not generate enough heat on contact with 
water to ignite organic materials. Furthermore, even if the clothes 
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had been treated with gypsos in the form of quicklime, which 
seems highly improbable, this too would have become hydrated 
in the process, so that this substance, though it actually can generate 
enough heat on contact with water to ignite organic materials, 
could not have caused the fire on the ship. This story is even less 
plausible than the stories about Kydias and Kallias in sections 53 
and 59. It is possible, of course, that a ship with separate cargoes 
of quicklime and clothing once caught fire because the lime be- 
came wet, or that a cargo of clothing that had been treated with 
gypsos once caught fire from spontaneous combustion or some 
other cause. Thus the story may have had a real basis, but the true 
cause was not understood and a wrong explanation was given. 


69. Gypsos is also burnt in Phoenicia and in Syria, 
where it ts fired in a furnace. 

In section 64 Theophrastus has mentioned that gypsos was made 
in Phoenicia and Syria by burning stones. Here he explains how 
this was done. 

Schneider and Wimmer bracket the words kai xatovres which 
occur in the manuscripts, since they seem redundant in addition 
to the main verb xaiovar. If kaíovres is kept, it could perhaps 
refer to the initial step of firing the stones, whereas the main verb 
would describe the whole process of burning them. 


69. Marbles especially are burnt, and also the more 
ordinary kinds of stones, while cow-manure is placed along- 


side the hardest ones to make them burn better and more 
quickly. 
It is important to note that marble was used to produce gypsos; 
this shows that quicklime, which is obtained when marble is 
subjected to intense heat, was one of the substances listed under 
gypsos. The simpler or more ordinary kinds of stones, if the read- 
ing dmAovorrépovs is correct, probably consisted of limestone; this 
was the most abundant rock in ancient Phoenicia and Syria, but 
marble also occurred there. 

Schneider has a most ingenious suggestion about áz)ouorépous; 
he thinks that the wording may originally have been kai dzrÀ Qs 
rods orepewrdrouvs (“and in general the hardest stones"). The 
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article ros is needed with orepewrarovs, and the word pév is 
really redundant. Some noun like óAvrov ("manure") is needed 
as the object of wapariOévres, and évexa has been added to govern 
Tov ÜGrrov Kaleo Oa (“to make them burn more quickly"). The 
manuscripts and the Aldine edition merely have ra roð, but Turne- 
bus wisely changed rá to €vexa. Furlanus preferred 61a ró, but 
this is not as good. Schneider rightly added Bóňırov, which he 
chose because Pliny" mentions that manure was used for this 
purpose. 

Eichholz°°° accepts €vexa, but thinks that f8óAcrov should come 
before zapariÜévres and take the place of pév, which is super- 
fluous. This is a great improvement. He also accepts kai amA@s 
Tovs GTepeoTáTovs, but prefers the following translation: "and 
absolutely the hardest limestone at that." 

In his treatise On Fire, Theophrastus alludes to the prepara- 
tion of gypsos in Phoenicia in a way that indicates the use of a 
high temperature. If a high temperature was used, this 1s enough 
to show that quicklime, not partly dehydrated gypsum, was the 
substance produced in Phoenicia and Syria. Gypsum would not 
have been roasted at a high temperature; if the temperature is 
even as high as 200°C., gypsum is totally dehydrated and takes 
up water again too slowly to be useful for most purposes. More- 
over, the firing of the stone in direct contact with the fuel also 
shows that the product was quicklime, not dehydrated gypsum. 
In roasting gypsum, the fuel is not allowed to come into contact 
with the mineral because it might reduce some of the calcium 
sulfate to calcium sulfide. 


69. and stays hot for a very long time. 
This is true of lime prepared in a kiln, not only because a high 
temperature is reached, but because the lime is such a poor con- 
ductor of heat. 


69. it is pulverized like ashes. 
Probably kovía does not mean lime in this context, as it does in 
sections 9 and 68, for that would imply that Theophrastus re- 
519 XXXVI, 182. The text reads: In Syria durissimos ad id eligunt cocuuntque cum 
fimo bubulo, ut celerius urantur. 
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garded this kind of gypsos as different from lime. Here it seems 
to mean ashes. In the same way, the translation "powdery" was 
used where xovia occurred in section 40, and rédpa, a similar 
word, was translated as "ashes" in section r9. 


69. From this tt seems clear that its nature 1s entirely 
due to fire. 
Since Theophrastus has completed his discussion according to 
the general principles that he announced at the beginning and 
systematically developed throughout the treatise, there is no need 
to assume, in spite of this abrupt ending, that it ever extended 
beyond its present length. 
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The names in this index are mainly those of places and persons and 
the varieties of stone or earth that are mentioned by Theophrastus. 
The numbers refer to the sections of the Greek text. 


áódpas, adamas, probably corundum, 


19 

"AOws, Athos, 64 

Aiyvrrt, Egyptians, 7, 24 

Alyvrrios (xvavos), Egyptian (ky- 
anos), 55 

Atyvrros, Egypt, 6, 34, 55 

aipariris, haimatitis, probably red 
Jasper, 37 

axovn, akone, whetstone, 44 

&Aafaocrpirgs, alabastrites, probably 
onyx marble, 6, 65 

tdAmeas (dAipds), alpeis (aliphas, 
paints), 60 

apeOvoov, amethyson, amethyst, 30, 
31 

dppos, ammos, sand, 21, 35, 40, 58, 
59 

dvÜpdktov, anthrakion, a dark stone 
(see Commentary), 30, 33 

avOpaxes, 12, 16, 39; avOpaf, 18 (an- 
thrakes [plural], coal, charcoal, 
12, 16, 39; anthrax, 18) 

avOpag, anthrax, a red stone (see 
Commentary), 8, 18, 19 

&pyvpos, 1, 4, 9, 39, 41, 46; apyupos 
xvrós, 60 (argyros, silver, 1, 4, 9, 
39, 41, 46; argyros chytos, quick- 
silver, 60) 

"Appevia, Armenia, 44 

&ppevwkóv, arrhenicon, orpiment, 40, 
50, 51 

*Apxadia, Arcadia, 33 

*Aoia, Asia, 61 

dotnp, aster, star, 63 

dad$aAros, asphaltos, bitumen, 15 

dxdTms, achates, a name for varie- 
gated stones, including agate, 31 


*Ayarys wotapos, Achates River, 31 


BaBvAwvor, Babylonians, 24 
Baxtptavyn, Bactriana, 34 
Bacavifw, basanizo, to test, 45 
Biva:, Binal, 12, 15 


yfj 3) pera, 49; 0 TH xax pryvupevn, 
49; 7 MnAtds, 7 Keno) (a, 7) Zapia, 
62; 5j Tundaixy, 62, 64 (ge, earth: 
Kimolian, Melian, Samian, 62; 
mixed with copper, 49; Tymphaic, 
62, 64; which is boiled, 49) 

yóvos, gypsos, a broader term than 
the English gypsum, 62, 64, 66 


Aapeios, Darius, 6 

SuaBapos (SiaBopos) XMóos, diabaros 
(diaboros, porous) stone, 20 

AtoxAys, Diokles, 28 

Awptets, Dorians, 37 


'EAedavrivg (mors), 
(city), 34 

éAédas, 6; ópukrós, 37 (elephas, ivo- 
ry, 6; dug up [fossil], 37) 

‘EdAds, Hellas, Greece, 33, 67 

'Epweds, Erineas, 15 

"EpvOpà (@dAacoa), Red (Sea), 36 

"Edeoos, Ephesos, 58 


Elephantine 


Zes (Ads), Zeus, 24 


'HAea, Eleia, Elis, 16 

nAextpov, electron, amber, 16, 28, 29 
Jue oAos, hemiobolos, half-obol, 46 
'HpaxAeía | (Aios), Heraclean 


(stone), 4 
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“HpaxAjs, Herakles, 25 


OBa (ai ey Aiy’rrw), Thebes (in 
Egypt), 6 

@nBaixos (A(0os), Theban (stone), 
6 


@ovpror, Thourioi, 64 


lacs, iaspis, not jasper (see Com- 
mentary), 23, 27, 35 

TBepia, Iberia, 58 

"Ivéixy (xépa), Indian (land), In- 
dia, 36 

"Ivówós (káAapos), Indian (reed), 38 

i£ós, ixos, birdlime, 49 

ios, 10s, verdigris, 57 

TraXia, Italy, 67 


KdAapos (Ivédixcs), kalamos, reed 
(Indian), 38 

KadAtas ('A@yvatos), Kallias 
Athens), 59 

Karraðoxia, Cappadocia, 52 

Kazzadoxixy (uidros), Cappadocian 
(miltos), 52 

Kapyndav, Charchedon, Carthage, 
18, 34 

Karadoura, Katadoupoi, First Cata- 
ract, 34 

Keia (uiAros), (miltos) from Ceos, 
52 

xé€papos, keramos, pottery, 9 

Kurrxia, Cilicia, 49 

Kiwwria (yj), Kimolian (earth), 62 

xwvápapi, 58, 60; abroQvés, Tò Kat’ 
épyaciay, 58 (kinnabari, cinnabar, 
58, 60; natural, prepared, 58) 

Kioonpts, 14, I9, 20, 22; 7] êK Tov 
adpov, 19; 7 € MyAo, 14, 21; 7) 
AEvKn, 22; $ padrwdys, 22; ñ néAawa 
éx ToU piaxos, 22; 7 êv Niovpw, 21 
(Risseris, pumice: 14, 19, 20, 22; 
black, 22; in Melos, 14, 21; in Nisy- 
ros, 21; malodes, 22; produced 
from foam, r9; white, 22) 


(of 


KóAAvBos, Rollybos, 46 

KóAxoi, Colchians, 58 

«ovta, konia, lime, also ashes or pow- 
dery ash, 9, 40, 68, 69 

KopivOtos (Aifos), Corinthian 
(stone), 33 

Koupadiov, Rouralton, coral, 38 

xpiOn, krithé, 46 

xpvotaddos, krystallos, rock crystal, 
30 

KUavos, 31, 37, 40, 51, 55; ppv, 31, 
37; OpAvs, 31; abrouys, 39, 55; 
cKevagTÓs, 55; Alyvarios (oxevac- 
TOs), LZKvOns, Kimpios, 55; Xurós, 
55 (Ryanos, a variety of lapis lazu- 
li, also a blue pigment: 31, 37, 40, 
51, 55; Cyprian, Egyptian [manu- 
factured], Scythian, 55; female, 
31; fused, 55; male, 31, 37; manu- 
factured, 55; native, 39, 55) 

Kudvou $ópos, 55; xpopara TéTTapa, 
55 (tribute of &yanos, 55; four 
colors, 55) 

Kvdias, Kydias, 53 

Kuzpos, Cyprus, 25, 27, 35, 64, 67 

Kvrpios (xvavos), Cyprian (kyanos), 
55 


Adpyaxos, Lampsakos, 32 

Anpvia (piXros), Lemnian (miltos), 
52 

Avyvoruc), Ligystike, Liguria, 16, 
29 

AiÜo,, ai ex THs '"Acías ayopevat, 61; 
oi èk THs Bakrpuavijs, 35; ai moki- 
Aa, 48; oi rüixrovres, 5 (stones: 
from Asia, 61; from Bactriana, 
35; variegated, 48; which give 
birth to young, 5) 

AvGoxoAAnTa, mosaics, 35 

À(0os, ñ BacaviLovoa Tóv xpvaóv, 45; 
© yAvdovot tas odpayidas, 44; Ñ 
èv Aapwaxw, 32; 6 év Xijvo, 42; 6 
èv Terpads, 15; ó ëv rois Zxarryov- 
Ans perdààois, 17; ù (poia) ro 
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apyvpw, 41; Ó mepi Bivas, 12, 15; 
ó mepi MiAntov, 19; ù TOV atóypov 
dyovca, 29 (stone: at Binai, 12, 15; 
at Miletus, 19; in Lampsakos, 32; 
in the mines of Skapté Hyle, 17; 
in Siphnos, 42; in Tetras, 15; [like] 
silver, 41; that attracts iron, 29; 
that tests gold, 45; with which 
seals are carved, 44) 

Arapa, Lipara, 15 

Aurapatos (At0os), Liparaean (stone), 
14 

Avyyovprov, 28, 31; 05Àv, 31 (lyngou- 
rion, 28, 31; female, 31) 

Avô (Aios), Lydian (stone), 4 


payvyris (Aifos), magnetis, Magne- 
sian (stone), 41 

padwdns (unAwdys, pudwdyns) malodes 
(melodes, mylodes), 22 

papyapitys, margarites, pearl, 36 

páppapos, marmaros, marble, 9, 69 

MaccaA(a, Massalia, Marseilles, 18, 


34 

péAas (Mos), black (stone), 7 

MAaàs (yy), Melian (earth), 62 

M7Aos, Melos, 14, 21, 63 

MíAgros, Miletus, 19 

pirros, 40, 51, 52; $ Keia, 7) Anpria, 
73 Swamy (Karraboxw), 52; 
épvÜpd, éxAevkos, uéom, 53; avrdp- 
KNS, 53; 7) êK THS Oxpas, 53; aUTO- 
patos, Teyvuc], 55 (miltos, red 
ochre: 40, 51, 52; artificial, nat- 
ural, 55; Ceian, Lemnian, Sino- 
pic [Cappadocian], 52; light-col- 
ored, medium, red, 53; made from 
yellow ochre, 53; self-sufficient, 53) 

porvB8os molybdos, lead, 56 

podria (Mox), myliai, millstones, 9 


Niovpos, Nisyros, 21 

EavOy (Atos), xanthe (stone), proba- 
bly yellow jasper, 37 

6BeXioxos, obeliskos, obelisk, 24 


INDEX 


olvos, 0inos, wine, 67 

OAvpria, Olympia, 16 

éppat, omphax, a green stone (see 
Commentary), 30 

dvvytov, onychion, a broader term 
than onyx (see Commentary), 31 

60s, Oros, vinegar, 56, 60 

’Opyopevos, Orchomenos, 33 

doTpeov, ostreion, oyster, 36 


IIaptos (Atos), Parian (stone), 6, 7 

TlevreAtxos (Atos), Pentelic (stone), 
6 

TeppatBia, Perrhaibia, 64 

mivva, pinna, 36 

mopos, poros, travertine; here a kind 
of poros found in Egypt, 7 

TIpagtBovdos (apywv 'A05v5go), Prax- 
iboulos (archon at Athens), 59 

mpacitis, prasitis, a green stone (see 
Commentary), 37 

mveXdos, pyelos, sarcophagus, 6 

mupopáyot (AiBor), pyromachot, fire- 
resisting (stones), 9 


ptag, rhyax, lava stream, 22 


Zapia (y3), Samian (earth), 62 

Xapos, Samos, 63 

cavBapáxg, sandarake, realgar, 40, 
50, 51 

cám$epos, sappheiros, a blue stone 
(see Commentary), 8, 23, 37 

cdpótov, 8, 23, 30; 05Av, apoev, 30 
(sardion, a red stone [see Com- 
mentary ], 8, 23, 30; female, male, 
30) 

ciónpos, sideros, iron, 9, 28, 29, 43, 
44 

Suxedia, Sicily, 15, 22, 31 

Swamy (níXAros), Sinopic (miltos), 
52 

Swern, Sinope, 52 

Xipvos, Siphnos, 42 

Zkorri "YA, Skapté Hyle, 17 
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xvGys (xúavos), Scythian (kyanos), 
55 


opdpaydos, 4, B, 23, 24, 27, 35; auá- 
payŠos, (aom, 27; wevdns opdpay- 
80s, 25 (smaragdos, a green stone 
[see Commentary], 4, 8, 23, 24, 
27, 35; false smaragdos, 25; sma- 
ragdos and iaspis, 27) 

arivos, spinos, probably an asphaltic 
bitumen, 13 

cTaTyp, stater, 46 

toripay ('Aervpa), stiran (Astyra), 
32 

Zv, Syene, 34 

Xvpia, Syria, 64, 69 

odpayidiov, sphragidion, seal, 8, 18, 
23, 24, 28, 30, 32 

oppayis, sphragis, seal, 26, 44 


Tavos, tanos, a green stone (see Com- 
mentary), 25 

Teraprnpopiov, tetartemorion, quar- 
ter-obol, 46 

Terpds, Tetras, 15 

Té$pa, tephra, ashes, 19 

TuéXos (morapds), Tmolos (river), 


4 

Tpolyves (AX(0os), Troezenian 
(stone), 33 

TpúÉ, fryx, wine-lees, here grape- 
residues, 57 


INDEX 


Tundata, Tymphaia, 64 

Tupdaixy (yj), Tymphaic (earth), 
62, 64 

Tipos, Tyros, Tyre, 25 


vadoedys, Ayalocides, glasslike stone 
(see Commentary), 30 

veAiris, Ayelitis, vitreous earth, 49 

Deos, Ayelos, glass, 49 


Powixyn, Phoenicia, 55, 64, 67, 69 


XaAxndwv, Chalcedon, 25 

xaÀxós, 9, 28, 49; èpvðpós, 57 (chal- 
kos, copper, 9, 28, 49; red, 57) 

xepvirgs, chernites, apparently a va- 
riety of onyx marble, 6 

Xios (Ai@os), Chian (stone), 6, 7, 33 

xpuaoxedAa, chrysokolla, a green 
copper mineral, probably mala- 
chite as well as modern chryso- 
colla, 26, 39, 49, 51 

Xpuoós, chrysos, gold, 1, 4, 39, 45, 46 

xpuoois, chrysous, a gold piece, 18 


Pepo (Vego), Psepho (Psebo), 34 
ypvOov, psimythion, white lead, 55, 
56 


óxpa, ochra, yellow ochre, 40, 51, 52, 
53 


* 230 * 


INDEX TO 
TRANSLATION AND COMMENTARY 


Achaia, a source of yellow ochre, 174 

Achates, a variegated chalcedony or jasper, 
52, 128-29 

Achates River, 52, 129 

Adamas, a very hard stone, 48, 91-92, 148 

Aetites, caglestone, 69 

Agate, 127-29 

Alabaster: called onyx by Pliny, 128; ori- 
ental, 72, 214 

Alabastrites, probably Egyptian onyx mar- 
ble, 46, 59, 72-73, 214 

Alexander the Great, 52, 130 

Alexandria, manufacture of blue frit at, 
185 

Alloys: assaying or testing of, 54, 150-56; 
copper, 164-67; gold, 54, 106, 151-53, 
155-56; silver, 54, 152, 156 

Alum, 207 

Alyattes, 158 

Amalgams, 204 

Amber, 48, 51, 86, 111-13, 116-17 

Amethyst, 51-52, 121-22 

Ampelitis, an earth smeared on vines, 167 

Amulets: coral, 141; eaglestones, 69; lapis 
lazuli, 127 

Analyses and identifications of ancient ma- 
terials, 171-72, 174, 177, 181, 189-90, 
194 

Anthracite, 86 

Anthrakion, a very dark or black stone, 
51, 52, 130-31 

Anthrax, a red precious stone, 46, 48, 89- 
92, 130 

Apion, 102 

Arabic stone, 94 

Arcadia, 52 

Aristotle, 63, 64, 65-66, 159-60 

Armenia, whetstone obtained from, 54, 
149-50 

Arrhenicum, Latin name for orpiment, 171 

Arsenic sulfides, 171-72 

Asbestos, 87-88 

Ashes, 49, 60, 78, 92, 221-22 

Asia, stones brought from, 58, 206-207 

Asian stone, 207 

Asphalt, 79, 80, 85 

Assaying in antiquity, 150-59 

Assian stone, 207 

Assus, 207 


Aster, a variety of Samian earth, 212-13 

Astrion, a precious stone, 119 

Astyra, §2, 129-30 

Aswan: quarries of granite at, 72; site 
of ancient Syene, 132 

Athens, identifications of pigments in ex- 
cavations at, 173, 174, 177, 185, 190, 
194 

Athos, Mt., 59, 213 

Attica: ochre of, used by Micon and Polyg- 
notus, 175; source of yellow ochre, 173- 
74; white lead found in graves in, 189- 
90 

Attractive power, stones which exhibit an, 
46, 51, 67-68, 115, 117-18 

Azurite, 105, 143-44, 183 


Baal, 104 

Babylonians, king of the, 50, 101 

Bactria (or Bactriana), stones from, 52, 
102, 133-34 

Badakshan, the ancient source of lapis laz- 
uli, 127, 184 

Balearic Islands, a source of red ochre, 179 

Barleycorn, an Attic weight, 154 

Basalt, quarried in ancient Egypt, 75 

Basanite, used for touchstones, 157 

Belemnite, wrongly identified with lyn- 
gourion, 109-10 

Beryl, 149, 217 

Bina (or Binai), 47, 48, 80-81, 82, 85 

Birdlime, 55, 167-69 

Bithynia, the source of spinos, 81 

Bithynians, in Thrace, 81 

Bitumen and bituminous substances, 8o- 
82, 85 

Blue frit, 183-87 

Blue vitriol, 207 

Bones, found in the earth, 136 

Borax, wrongly identified with chrysocolla, 
105 

Boz Dagh, the ancient Mt. Tmolos in 
Lydia, 157 

Brass, ancient knowledge of, 164-65 

Bronze, purification of, 167 


Calcareous tufa, 74 
Calcium compounds: carbonate, 67, 78; 
oxide, 210; sulfate, 210, 218 
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Caligula, the attempt of, to find gold in 
orpiment, 200 

Cappadocia, a source of red ochre, 56, 175 

Carnelian, 123 

Carthage, ancient point of export for pre- 
cious stones, 48, 52, 90-9I, 104 

Ceos, a source of red ochre, 56, 176-77 

Ceramic ware, classed as stone, 161 

Cerussa, Latin name for white lead, 187- 
91 

Chalcedon, 50, 104 

Chalcedony: banded, 127-28; green, 138; 
red, 122-23 

Chalk, 210, 213 

Charcoal, 47. 48, 85-86 

Chernites, probably a variety of Egyptian 
onyx marble, 46, 73 

Chian marble, 71-72 

Chian stone, 46, 52, 71-72, 75-76, 130-31 

Chios, a source of variegated marble, 71- 
72 

Chrysoberyl, 138 

Chrysocolla, modern meanings of, 105 

Chrysocolla, Latin name for Chrysokolla, 
105, 106 

Chrysokolla: a green copper mineral, 50- 
SI, 53, 56, 105, 143; a green pigment, 
53, 174: an alloy for soldering gold, 106 

Chrysoprase, 108, 121 

Cilbian District, near Ephesos, a source of 
cinnabar, 195 

Cilicia: source of a viscid earth, 55, 167- 
68; source of whetstone, 150 

Cimolite, 209 

Cinnabar, 57-58, 193-99, 203-204 

Classification: of coral, 141; of earths, 169- 
70; of minerals, 129 

Clay(s), 208, 209 

Clay ironstone, nodules of, identified with 
actites, 69 

Clothes, cleaning or whitening of, 59, 60, 
213, 218-219 

Coal(s), 48, 81, 85-86 

Coins, 90, 154-55 

Colchis, a source of cinnabar, 57, 195-96 

Collyrium, a variety of Samian earth, 212- 
13 

Color: earths classified by, 56, 169-70; 
sex of stones determined by, 52, 124-25 

Coloration: of glass by copper, 163; of 
water by smaragdos, 45-46, 50, 98-99 

Combustion, 82-83, 93 

Comum (Como), in Italy, source of a 
green stone, 145 

Concretions, 68-69 


Copper: 47, 51, 55, 57, 162-64, 165-67, 
191-93; alloys of, 164-67; red, 57, 191 

Copper acetate, 192-93 

Copper carbonate, 105, 143, 174-75, 183 

Copper salts, used in making imitation 
smaragdos, 98 

Copper silicate, 105 

Copperas, 207 

Coral, 53, 140-41 

Corinth: excavations at, 171-72, 189; 
source of an attractive stone, 52, 132 

Corundum, 91, 147 

Cosmetic, ancient use of white lead as, 190 

Cow-manure, as a fuel for burning gypsos, 
60, 220-21 

Crete, a source of whetstones, 150 

Croesus, 158 

Crystals: of anthrax, 91; of colorless quartz, 
121; of tourmaline, 109 

Cuprite, 144 

Cyitis, a stone containing embryo stones, 
69 

Cyprus: block or crystal of two colors found 
in, SI, 108-109; as a source of false 
smaragdos, 50, 104, of gypsos, 59, 60, 
213, of iaspis and smaragdos, 52, of 
kyanos, 183 


Daedalos, 203 

Darius, 46 

Dek, an island in Lake Tana, Ethiopia, 
133 

Demonesos, ancient source of copper min- 
erals, 104, 183 

Demostratus, 111, IIS 

Dendrachates, moss agate, 128 

Density: of certain minerals, 53, 143; of 
pumice, 49, 95 

Diabaros (Diaboros), porous stone, 49, 94 

Diamond, 148 

Didymus, 217 

Diokles of Karystos, 51, 113, 201 

Diorite (or Diorite-Gneiss), 75 

Dioscorides, 94, 105, 107, 108, III, 142, 
143, 148, 167, 172, 178, 179, 181, 183, 
189, 192, 207, 208, 209, 213 

Dishes, 54, 146 

Dolomite, 145 

Dorians, 53 


Eaglestone, 69 

Earth: medicinal, 177-78; 
162-63; vitreous, 55, 161 

Earthenware, brittleness of, explained, 78- 


79 


unusual, 55, 
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Earth-pits, 58, 2os-2o6 

Earths: artificial, 56-57, 181-93, 210; clas- 
sification of, 55-56, 169-70; differences 
in, 45, 55, 169; natural, 58-59, 193-94, 
208-210; occurrence of, 56, 58-59, 171- 
72, 173-74, 175-80, 183-84, 195-97, 205- 
206, 208-210, 213-14; origin or forma- 
tion of, 45, 56, 58, 65-66, 170-71; 
uses of, 55, 56, 58, 59-60, 167-69, 174- 
75, 178, 185, 190-91, 193, 194, 210- 
II, 213, 215-19 

Egypt, 46, 52, 72-73, 74-75 

Egyptian kings, mention of records about, 
50, 57, 100, 185-86 

Egyptian materials and objects, 72-73, 74- 
75, 100-IOI, 127, 172, 184-85, 214 

Electron, amber, 112 

Electrostatic properties, of amber and lyn- 
gourion, 51, III, 113, 117 

Elephantine, 52, 132 

Elephants, as a source of ivory, 135 

Eleusis, materials for temple at, 202-203 

Elis, a source of lignite, 48, 85-86 

Emerald, 97, 99-100 

Emery, 91, 147-49 

Ephesos, cinnabar found near, 57, 195-97 

Eretrian earth, 208 

Erineas, a source of a combustible stone, 
48, 84-85 

Etna, lava of, 77 

Euphranor, 181 

Experiment: on blackening soapstone with 
oil, 146; on making white lead, 188 


Felsite, red, 139 

Ferric oxide: coloration of quartz by, 122, 
139; in red ochre, 173, 177, 181, 182; 
in yellow ochre, 173 

Fire: as a test of gold, 54, 150-51; forma- 
tion of earths by, 45, 56, 65-66, 170- 
41; formation of pumice by, 49, 93; 
nature of gypsos due to, 60; origin of 
red ochre by, 57; power of resisting, 
48, 92 

First Cataract, 52, 132 

Flower of Asian, or Assian, stone, 207 

Fluorite, 108, 122, 138 

Flux, limestone used as a, 77 

Foam, supposed origin of one kind of 
pumice from, 49, 93 

Fossil bones, 136 

Fossil ivory, 53, 135-36 

Fossil resin, 112-13 

Fuel, use of mineral, in antiquity, 48, 86 

Fullers, use of gypsos by, 60, 218-19 


Galen, 125-26, 178, 207 

Galena, 142-43 

Garments, ancient, of asbestos, 88 

Garnet, 89-90 

Gassinade, a 
stones, 69 

Gaul, amber carried by trade routes 
through, 116 

Gems, ancient engraved, 108, 119, 121, 
122, 128 

Gender of Greek names for stone and rock, 
125-26 

Generative power, in stones, 68-69 

Geodes, as a source of quartz crystals, 76, 
122 

Georgia, a source of cinnabar, 196 

Gezer, bronze from, 165 

Gifts, sent to Egyptian kings, 50, 57, IOI, 
185-86 

Glance pitch, 168-69 

Glass: 55, 102, 103, 
volcanic, 83 

Glass pastes, 119-20 

Glass workers, 102, 103 

Gold: 45, 46, 53, 54, 58, 63, 142, 150-53, 
199-200, 203-204; alloys of, 54, 106, 
151-53, 155-56; coins, 90; methods of 
gilding, 203-204; soldering of, 50, 106; 
testing of, 46, 53, 67-68, 151-58 

Grain, as a unit of weight, 154 

Granite, 72, 75 

Grape-residues, 57, 191 

Gypsos, a broad term that included gyp- 
sum, dehydrated gypsum, and lime, 58, 
59-60, 210, 213-22 

Gypsum, 72, 145, 210, 213, 214-19, 221 


stone containing embryo 


119-20, 161-62; 


Haematites, Latin name that included our 
present hematite, 138 

Haematitis, Latin name for Aaimatitis, 
138 

Haimatitis, probably red jasper, 53, 138-39 

Half-obol, as a unit of weight, 55, 153-55 

Hematite, 138-39, 177 

Heraclea, in Pontus or Lydia, probable 
source of lodestone, 67 

Heraclean stone, 46, 67-68, 118 

Herakles, large green stone in temple of, 
50, 103-104 

Hermos River, 156-57 

Hippias, 117 

Hipponicos, 199 

Hyacinth, 110 

Hyaloeides, a glasslike stone, 51, 119-20 
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Hysteron proteron, use of grammatical 
construction called, 206 


laspis, a generic name applied to various 
colored transparent or translucent stones, 
50-52, 107-108 

Iberia, a source of cinnabar, 57, 195-96 

Iconium, ancient mines at, 176 

Imitations: jaspis, 107; lapis lazuli, 137; 
precious stones in general, 98; smaragdos, 
97-98 

Impressions, use of gypsos for taking, 60, 
219 

India, 53, 134-35 

Indian reed, petrified, 53, 142 

Inscriptions, 177, 202-203 

Iron, 46, 51, 54, 117-18 

Iron mines, 56, 177 

Ivory: fossil, 53, 135-36; 
bling, 46 


a stone resem- 


Jacinth, 110 

Jade, 108 

Jasper: black, 158; green, 138; red, 139; 
yellow, 139-40 


Kallias, 58, 198-99 

Kaolin, 209 

Kaolinite, 212 

Karystos, a source of asbestos, 88 

Khalki, a source of copper minerals, 104, 
183 

Kimolian earth, 58, 209 

Kimolos, 209 

Kollybos, a unit of weight, 55, 153-55 

Krithé, a unit of weight, 55, 153-55 

Kyanos: a blue pigment, 53, 56, 57, 126- 
27, 143-44, 175, 183-87; a blue pre- 
cious stone, 52, 53, 126-27; Cyprian, 
57, 183; Egyptian, 57, 183-87; Scythi- 
an, 57, 183-84; sex of, 52, 124, 126 

Kydias, 56, 181-82 


Labyrinth of Egypt, colossal statue in, 102 

Lampsakos, gold mines at, 52, 129-30 

Langurium, another name for lyncurium, 
III-I2, 115 

Lapis lazuli, 126-27, 137, 183-84, 186 

Lapis specularis, a term which apparently 
included mica and selenite, 119 

Laurion, silver mines at, 142-43, 174, 198- 
99 

Lava, 49, 95, 96 

Lazurite, 126 


Lead, manufacture of white lead from, 
57, 187-89 

Lecythoi, composition of white ground on, 
218 

Lemnian earth, 177-78 

Lemnos: a source of red ochre, 177-78; 
visit of Galen to, 178 

Leyden Papyrus X: fire test for gold de- 
scribed in, 150; mention of the touch- 
stone 1n, 157; recipes in, for gilding and 
silvering, 204, for preparing gold sol- 
ders, 106, for purifying metals, 167, for 
whitening copper, 166 

Lignite, 81, 86, 88 

Liguria, 48, 51, 86, 116 

Lime: included under the name gypsos, 
210, 220-21; mortar made from, 215- 
16; prepared by burning marble, 60, 78, 
220; used for neutralizing wine, 216-17 

Limestone, 67, 74-75, 77, 220 

Lipara, 48, 84 

Liparean stone, 48, 83-84, 131 

Lipari Islands, a source of obsidian, 83 

Liparite, 83 

Lisbon (Olisipo), ancient point of export 
of garnets, 91 

Lodestone, 67, 117-18 

Lydia, 67-68, 158-59 

Lydian stone, a name for the touchstone, 
46, 67-68, 157 

Lyncurium, Latin name for lyngourion, 
109-12, IIS 

Lyngourion: amber or a particular variety 
of amber, 51, 52, 109-16, 124; sex of, 
$2, 124 

Lynx, the supposed producer of lyngou- 
rion, III-I2, 113-16, 124 


Magnesia, various minerals named after, 
144 

Magnesian stone, 53-54, 144-45 

Magnetism, 117-19 

Magnette, 118, 145 

Malachite, 100-101, 104, 105, 143-44, 174 

Malodes, possibly a kind of pumice, 49, 96 

Marble: burning of, to obtain lime, 60, 78, 
220; Chian, 71-72; Egyptian onyx, 72- 
73, 74; 214; infusibility of, 47, 78; Par- 
ian, 70-71; Pentelic, 71; use of, in neu- 
tralizing wine, 216-17 

Marcasite, 143, 145 

Marpessos, Mt., a source of Parian marble, 
70 

Massalia (Marseilles), ancient point of ex- 
port for precious stones, 48, 52, 90-91 
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Medicinal uses: of Lemnian earth, 178; 
of pumice, 96; of verdigris, 193 

Melian earth, 58-59, 208-209, 210-12 

Melkart, the Tyrian Herakles, 104 

Melos: a source of pumice, 48, 49, 84; 
the source of an earth, 208-209 

Mercury, 203-205 

Metals: alloys of, $4, 106, 151-56, 164- 
67; amalgams, 204; arsenic, 166; cop- 
per, 47, 51, 55, 57, 162-64, 165-67, 191- 
93; formation and origin of, 45, 63; 
gold, 45, 46, 53, 54, 58, 63, 142, 150- 
53, 199-200, 203-204; iron, 46, 51, 54, 
117-18; lead, 57, 187-89; mercury, 203- 
205; minerals that resemble, 142; quick- 
silver, 58, 203-205; silver, 45, 47, 53, 
54, 63, 142, 152-53, 156, 204; testing 
of, 46, 54-55, 67-68, 150-56 

Metrodorus, 115 

Micon, 175 

Miletus: anzhrax found at, 48, 91-92; de- 
posits of emery near, 91 

Millstones, 47, 117-18 

Milowite, modern trade name for Melian 
earth, 209 

Miltos, red ochre, 172-73, 179-80 

Mineral substances, origin of, 45, 63-66 

Mines: accidents in, 56, 176; at Binai, 47, 
80; cinnabar, 57, 195-97; copper, 51, 
56, 104-105, 183; gold, 51, 52, 56, 105, 
130, 158-59; iron, 56, 177; lost work 
of Theophrastus on, 64; red ochre, 56, 
176-77; at Scapté Hyle, 48, 87; silver, 
56, 58, 142, 198-99; spinos found in, 
47, 81-82; unusual stones found in, 53, 
144; yellow ochre, 56, 174 

Mirrors, of obsidian, 52, 131 

Miscarriage, prevented by amulets of 
eaglestone, 69 

Modica, deposits of rock asphalt at, 85 

Moonstone, 119 

Mortar, made of lime or gypsos, 59-60, 
215-16 

Mosaics, stones used for, 52, 133-34 

Mysia, a source of orpiment, 172 


Names given to the same mineral sub- 
stance in antiquity, 51, 74, 123-24 

Naxos, stone of, 148-49 

Nephrite, 108 

Nisyros: abundance of millstone on, 77; 
pumice or volcanic ash on, 49, 95 

North Sea, coasts of, a source of amber, 
116 

Obelisk of Zeus, 50 


Obol, an Attic silver coin or weight, 154 

Obrussa, a term used by Pliny to denote 
the fire test for gold, 150 

Obsiana (Obsidiana), Latin names for ob- 
sidian, 84 

Obsidian, 75, 83-84, 131 

Ochre: red, 53, 56-57, 172-73, 175-83; 
yellow, 53, 56, 173-74, 175, 181-83 

Odontolite, 136 

Odor of stones, 47, 53, 143 

Oil: blackening of stone with, 54, 146; 
burning of a stone with, 48, 87-88; 
quenches burning Thracian stone, 83 

Olisipo (Lisbon), ancient point of export 
of garnets, 91 

Olympia: 48, 85; temple of Zeus at, 74 

Omphatitis, a stone probably similar to om- 
phax, 120 

Omphax, a green precious stone, 51, 120- 
21 

Onychion, a generic term that included 
onyx, sardonyx, and agate, 52, 127-28 

Onyx, 127-28 

Onyx marble, 72-74, 214 

Orchomenos, a source of anthrakion, 52, 
130-31 

Ore, smelting of, 77 

Oriko, ancient ochre mines at, 176-77 

Ormuz, a source of red ochre, 179 

Orpiment, 53, 56, I71-72, 175; attempt 
to obtain gold from, 200 

Oyster, 52 


Pactolos River, 157 

Painters, 56, 58, 60, 175, 181, 218 

Painting, 59, 181, 190-91, 193, 218 

Paints, 58, 202 

Papyrus Holmiensis. See Stockholm Papy- 
rus 

Papyrus Leidensis. See Leyden Papyrus X 

Paradoxes: ease of cleavage and hardness 
of stones, 54, 147; incombustibility of 
anthrax, 89-90 

Parian marble, 46, 70-71, 74 

Parnassos, Mt., calcareous tufa found at, 74 

Paros, marble of, 46, 70-71, 74 

Particles, size of, in pigments, in relation 
to color, 54, 184, 187 

Pearl, 52, 134 

Pentelic marble, 71 

Pentelicos, Mt., 71 

Perrhaibia, a source of gypsos, 59, 214 

Persia: alleged source of lapis lazuli, 127; 
the source of fanos, 102 
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Persian Gulf: a modern source of red ochre, 
179; a source of pearls, 53, 134-35 

Petrifacton, of objects placed in stone ves- 
sels, 67 

Pharis, supposed name of a place, 211 

Pharmakitis, an earth used for treating 
vines, 167 

Phlogiston theory, 171 

Phoenicia: gypsos made or used in, 59, 60, 
214, 220-21; tribute sent from, 57, 185- 
186 

Pigments: blue, 56, 57, 175, 183-87; green, 
56, 57, 174, 193; red, 56-57, 57-58, 171- 
72, 175, 176-83, 193-99; relation be- 
tween size of particles and color, 57, 
184, 187; specimens found in archaeo- 
logical excavations, 171-72, 173, 174, 
177, 181, 185, 189-90, 194, 218; white, 
57, 58-59, 187-91, 210-11, 218; yellow, 
56, 171-72, 173-74, 175, 181-83 

Pinna, a bivalve mollusk, 52, 134 

Pitchstone, 131 

Plasma, 100, 108 

Plaster of Paris, 210, 213, 217-18 

Plato, 63, 117, 118 

Pliny, 67-68, 69, 71, 72, 81, 83, 84, 91, 
92, 94, 96, 97-99, 102-103, 105-106, 
107-15, I21, 122, 123, 124-25, 127-29, 
131, 134, 136-37, 138, 139, 141, 142- 
43, 148-50, 152-53, 158, 173-74. 175, 
177, 178-79, 181, 191-92, 193, 197, 200, 
207, 216-17 

Polygnotus, 175 

Pompeiopolis, realgar mine at, 172 

Pontic wax, 166 

Pontus, a source of orpiment, 172 

Pontus River, 80 

Poros (poros stone), a name denoting cer- 
tain soft calcareous rocks, 46, 73-75 

Porous stone, 49, 94 

Porphyry, 75 

Potstone, 145-46 

Pottery, resistance of, to fire, 47, 78-79 

Prase, 100 

Prasitis, an opaque green stone, 53, 137-38 

Prasius, 138 

Praxiboulos, archon at Athens, 58, 200-202 

Precious stones, in antiquity, value of, 9o 

Prehnite, 120 

Prince Islands, 104, 183 

Procreation, power of, in stones, 46, 68- 
69 

Psebo, 133 

Psepho, 52, 132-33 

Pumice, 48, 49, 83-84, 92-96 


Puteoli, blue frit manufactured at, 185 

Pyrargyrite, 144 

Pyrite: associated with cinnabar, 199; in 
coal, 81; particles of, in sappheiros, 137 

Pyrobitumen, 81, 85 


Quarries, 46, 70-73 

Quarter-obol, as a unit of weight, 55, 
153-55 

Quartz: 76, 97-98, 108, 121-22, 132, 134; 
green, 97, 120; purple, 121-22; red, 
122-23; rose, 108; staining of, 98 

Quicklime: called gypsos, 210, 220-21; 
mortar made from, 215-16; prepared 
from marble, 60, 78, 220; used for 
neutralizing wine, 216-17 

Quicksilver, 58, 203-205 


Ragusa, deposits of rock asphalt at, 85 

Reagents, modern use of, in assaying gold 
or silver alloys, 151-52, 155-56 

Realgar: 53, 56, 171-72; decomposed, 166; 
ironlike, 166 

Recipes: for imitating precious stones, 98; 
for solders for gold, 106; for whitening 
copper, 166 

Red felsite, 139 

Red lead, 189 

Red ochre, 53, 56-57, 172-73, 175-83 

Red Sea (meaning the Persian Gulf), 53, 
134-35 

Resin, fossil, 112-13 

Rhyolite, 83, 84 

Roasting of ochre, 182-83 

Rock asphalt, 80-85 

Rock crystal: 51, 76, 121; engraved, or 
carved into large objects, 121; imitations 
of other stones made from, 98 

Rubrica, a red earth, 177 

Ruby, 89, 90 

Russia, a source of fossil ivory, 135 


Salts, 207 

Samian earth, 58-59, 209, 210-11, 212-13 

Samos, 59, 209 

Sand: 49, 57-58, 199; use of, in mortars, 
215 

Sandstone, 72, 79 

Santorin (Thera), 93 

Sappheiros, dark blue lapis lazuli sprin- 
kled with pyrite, 46, 50, 53, 126, 136- 
37 ` 

Sapphire, 136 

Sapphirus, Latin name for sappheiros, 136- 
37 
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Sarcophagus: of limestone with petrified 
objects inside, 67; of chernites, 46, 73 

Sard, 123 

Sarda, 122, 125 

Sardion: a red stone, 46, 50, 51-52, 122- 
23 

Sardonyx, 128 

Scapté Hyle, a mining district in Thrace, 
48, 87 

Scicli, deposits of rock asphalt at, 85 

Scoria, volcanic, 95 

Scyros, a source of yellow ochre, 174 

Seals: stone used for carving, 54, 147-49; 
stones used for, 46-47, 50-52, 122-23 

Sepiolite, 209 

Serapis, colossal statue of, composed of 
smaragdus, 102 

Serpentine, 104 

Sex in stones, 52, 124-25 

Sicily, 48, 49, 83, 84, 85, 140 

Siderite, 69 

Stl, Latin name for yellow ochre, 174 

Silver: 45, 47, 53, 54, 63, 142, 152-53, 156, 
204; alloys of, 54, 152, 156; stone that 
resembles, 54, 145; testing of, 54, 150- 
56 

Simonides, archon at Athens, 201 

Sinai Peninsula, the source of copper ore 
for Egypt, ror 

Sinope, export point for red ochre, 56, 
178-79 

Sinopic red ochre, 56, 178-80 

Sinopis, Latin name for red ochre, 178-80 

Siphnos: 54, 145; stone of, 54, 145-47 

Slate, black, as a material for touchstones, 
157 

Smaragdos: counterfeits or imitations of, 
98; false, 50, ror, 103, 104; 3 green 
precious or semiprecious stone, 45, 46, 
50, 51, 52, 97-102, 108-109, 133; large, 
50, 100-102 

Smaragdus, Latin equivalent of smaragdos, 
97-98, 102, 133 

Smelting of ore, 77 

Smyrna, a source of yellow jasper, 140 

Soapstone, an experiment with, 146 

Soldering of gold, 50, 106 

Solidification of mineral substances, 65 

Spain, as a source of cinnabar, 195-96 

Spathi, ancient ochre mines at, 176 

Sphragis: a medicinal earth, 177; seal stone, 
108 

Spilia, ancient quarries of Pentelic marble 
at, 71 


Spinel, 89, 91-92 

Spinos, a combustible mineral substance, 
47, 81-82 

Star, a variety of Samian earth, 59, 212-13 

Stater: a gold coin, 90; a silver coin and 
standard of weight, 54, 152-55 

Steatite, 145-47 

Stockholm Papyrus: recipes for imitating 
precious stones, 98, 107; verdigris listed 
as a coloring material, 193 

Stone quarries, 46, 70-73 

Stone(s): black, 49, 83-84, 130-32; blue, 
52, 53, 126-27, 136-37; combustible, 47- 
48, 80-81, 82-83, 85-88; cut for seals, 
46-47, 50-52; engraved, 119, 121-23, 
128; fire-resisting, 47, 76-77; fusible, 47; 
green, 50-51, 53, 97-103, 105-108, 120- 
21, 137-38; hard, 54, 91-92, 147-49; 
having the power of attraction, 46, 51, 
67-68, 113, 116-18; having the power 
of procreation, 46, 68-69; imitation, 97- 
98, 107, 119-20, 137; incombustible, 48- 
50, 89-90, 92; occurrence of, 46, 47-48, 
50-51, 52-53, 53-54, 54-55, 70-76, 8o- 
82, 83-87, 90-91, 93, 95-96, 100-101, 
127, 129, 132-33, 144-45, 148-49, 156- 
58; organic substances classed as, 51, 53, 
111-13, 116, 141; origin or formation 
of, 4s, 64-65; peculiarities in, 45, 53; 
properties of, 45-46, 50, 54, 67-69, 98- 
99, 147-48; pregnant, 68; purple, sr, 
52, 121-22; red, 48, 52, 53, 89-91, 122- 
23, 138-39; remarkable, 50, 51, 52; sex 
of, 52, 124-25; small and rare, 46-47, 
48, 50, 100; translucent or transparent, 
46, 51-52, 107-108, 119-26; uses of, 46, 
48, 52, 54, 70-72, 73-76, 85-86, 99, 
106, 131, 145-47, 150, 220; variegated, 
52, 55, 128-29, 132; yellow, 53, 139-40 

Stories or illustrative statements: attempt of 
Caligula to obtain gold from orpiment, 
200; discovery by Kallias of a meth- 
od for refining cinnabar, 58, 198-202; 
discovery by Kydias of a method of mak- 
ing red ochre, 56, 181-82; fire on a 
ship caused by gypsos, 60, 219-20; huge 
green stones, 50, 100-102, 103-104; 
origin of lyngourion, 51, I11-12, 113- 
16; wonderful stone found in the gold 
mines at Lampsakos, 52, 129-30 

Sudines, 115 

Sulfates, manufacture of, in ancient times, 
207 
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Sulfide minerals, 142-43 

Sulfur, pumice colored yellow by, 96 

Syene (Aswan): granite quarried at, 72, 
132; precious stones exported from, 52, 
132 

Syria, 59, 60, 168, 214, 220 


Talc, 145 

Tanos, a green stone, 50, 102-103 

Taygetus, Mt., a source of whetstone, 150 

Temple: of Apollo at Delphi, and of 
Zeus at Olympia, 74; at Eleusis, materials 
used in building, 202-203; of Herakles at 
Tyre, 50, 103-104 

Testing of gold and silver, 46, 54-55, 67- 
68, 150-56 

Tetartemorion, an Attic weight, 155 

Tetras, the stone found at, 48, 84 

Thales of Miletus, 117 

Theban stone, 46, 72 

Thebes in Egvpt, 46, 72 

Theophrastus: date of his treatise On 
Stones, 200-202; lost treatises of, 64, 142 

Thera (Santorin), the source of floating 
pumice, 93 

Thesprotians, 86 

Thourioi, a place where gypsos was made, 
59, 214 

Thrace: Bithynians living in, 81; spinos 
found in, 81 

Thracian stone, 81-83 

Tmolos, Mt., 157-59 

Tmolos River, 55, 156-57 

Touch needles, 151-52 

Touchstone, 46, 54-55, 67-68, 150-53, 155- 
59 

Tourmaline, 109, 110 

Trademark, cakes of Samian earth stamped 
with, 212 

Travertine, 74 

Tribute, of Ayanos, sent to Egypt, 57, 185- 
86 

Troezen, the source of an attractive stone, 
52, 132 

Troodos, Mt., on Cyprus, mines of asbestos 
at, 88 

Tufa: calcareous, 74-75: volcanic, 95 

Turquoise, 103, 136 

Tusks, fossil, 135 

Tymphaia, a source of gypsos, 59, 210, 214 

Tymphaic earth, 58, 59, 210, 213 

Tyre, large green stone at, 50, 103-104 


Ural Mountains, a source of malachite, 
100-IOI 

Urine of the lynx, the supposed source of 
amber and /yngourion, 51, 111-12, 113- 
16 


Verdigris: color of prasitis, 53; manufac- 
ture of, 57, 191-93; use of, as a medicine 
or a pigment, 193 

Vestorius, manufacture of blue frit at 
Puteoli by, 185 

Vinegar, use of, in isolaüng quicksilver 
from cinnabar, 58, 204, in making white 
lead, 57, 188-89 

Vitruvius, 181, 185, 189, 195-97, 203-204 

Vivianite, 136 

Volcanic ash, 95 

Volcanic glass, 83 

Volcanic islands, 83, 84, 93, 95 

Volcanic scoria, 95, 96 

Volcanic tufa, 95 

Volcanoes, craters of, 49 


Water: effect of, on burning spinos, 47-48, 
81, 82-83; formation of metals from, 
45, 63 

Wax, Pontic, 166 

Weighting of cloth, 219 

Weights, used in testing gold, 54-55, I53- 
55 

Whetstone, 54, 149-50 

White lead: manufacture of, 57, 187-89; 
not used in mural painting, 191; toxic 
nature of, 190; use of, as a cosmetic, 190 

Whitening of clothes, 213, 218-19 

Wine, treatment of, with lime, marble, or 
partly dehydrated gypsum, 216-18 

Wood: attracted by lyngourton, 51, 113; 
not the only fuel used in antiquity, 86 

Worms, protection of vines against, 55, 
167-69 


Xanthe, probably yellow jasper, 53, 139-40 
Xuthos, probable Latin name for xanthe, 
139 


Yellow ochre, 53, 56, 173-74, 175, 181-83 


Zenothemis, 115 

Zeus: obelisk of, 50; temple of, at Olympia, 
made of poros stone, 74 

Zircon, 110 
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